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ABSTRACT 


A method for the simultaneous gas-liquid determination 
of salicylic acid and acetylsalicylic acid in plasma has been 
developed. The method involved the use of fluoride and 
coOohingd cCoOsinhibit the AY drolysis: of acetylsalicylic dean in 
whole blood. One mi portions of plasma separated by centri- 
fugation were acidified with ten percent potassium bisulfate 
solution and extracted into chloroform. The chloroform was 
recovered, internal standards added, and the solution 
containing the salicylates and internal standards evaporated 
to dryness on a flash evaporator at 20°. The respective 
trimethylsilyl ether and/or trimethylsilyl ester derivatives 
of the salicylates were synthesized by reaction with 
hexamethyldisilazane in acetone at room temperature for fifty 
minutes. The reaction mixture was chromatographed on a 
column of 3% OV-25 on 60/80 mesh Chromosorb G (regular), and 
eluted isothermally at an oven temperature of 160° and a 
carrier gas flow rate of 55 ml min’!, The area ratios of 
the salicylate derivatives to internal standards and the 
respective calibration curves were used to determine the 
amount of salicylic acid and acetylsalicylic acid present in 
each one ml sample of plasma. 

This methodology was then employed to compare the 


in vivo bioavailabilities of various formulations of acetyl- 


Sieve acucsimedilinhiitenin=pabients.. linreenentert.c- 


coated, one buffered and one 'plain' brand were investigated. 
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The same batch of tablets were then subjected to the USP 
Uisintegration fest as an in vitro bioavailability test. 
Among the enteric-coated formulations a correlation 
was noted between the time required to disintegrate in 
Intes:ttindlarluid, T.S.) and’ the percent availability in four 
hours. Half-lives and percent absorbed versus time plots 
were determined for each ‘formulation. 

The methodology was extended to investigate a 
suspected® interaction of ascorbic acia® and’ acetylsalicylic 
acid at the absorption level. This interaction was investi- 


gated in rabbits and was not found to be significant. 
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Numerous methods have been described in the literature 
for thesdetermination of ‘salicylic-acid (SA), and acety1-— 
Salicylic acid: (ASA); in pharmaceuticals and in sbiological 
media. Of these published techniques, surprisingly few have 
been developed for the simultaneous and direct determination 
of ASA and SA in a Single sample. 

nese techniques. may be classified on the basis oF 
their methodology into five general divisions. 

Lhe Tirst division is that of the colorimetric esti= 
mations. These include, complexation with ferric ion 
(Brodie Udenfriend and Coburn, 1944; Keller, 1947; Peters, 
1947; Miller and Whitehead, 1949; Trinder, 1954; Cotty, 
Zurzola, Beezley and Rodgers, 1965; Furman and Finberg, 1967; 
Burston, 1969; Cid, Delporte and Jaminet, 1971), diazotization 
with p-nitroaniline and nitrous acid (Moss, 1952), use of 
Folin and Ciocalteaus phenol reagent (Weichselbaum and 
Shapiro, 1945; Smith and Talbot, 1950), complexation with 
cupric ion in nitrous acid (Sherman and Gross, 1911; Mallick 
and Rehmann, 1945; Reid, 1948), and estimation as nitro 
derivatives (Volterra and Jacobs, 1947). Colorimetric 
assays are generally quite non-specific. Plasma blank values 
are often high, and equivalents of up to 240 yg SA m1 nave 
been reported (Weichselbaum and Shapiro, 1945). Common 
plasma constituents Such as Salicyluric acid (Brodie, 
Udenfriend and Coburn, 1944; Smith and Talbot, 1950), genti- 


sic acid, uric acid, tyrosine, and tryptophan (Smith and 
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Talbot e1950)* interfereewi th e€olorimetric! assays. “THIS 
entire group of assays determines SA only, and in order to 
estimate ASA, hydrolysis to SA and another determination are 
required. The difference in the two SA concentrations is 
assumed to be due to ASA. 

Among the advantages enjoyed by colorimetric estima- 
Clones ISetherfact that siall amounts of Sample s*istially one 
ml or less, are required. The procedures are also relatively 
rapid and a single determination requires as little as five 
minutes (Trinder, 1954). 

Tne second analytical ‘group is that*of the ultraviolet 
estimations. By these techniques either SA alone, or SA plus 
ASA may be determined. SA has been estimated, either in 
combination with ASA (Reed and Davis, 1965) or individually 
following a physical separation step (Jones and Thatcher, 
TISTS0UnGgary, Danigdard and Wong; 952; "Levine ‘and@Weber, 1968; 
Guttman and Salomon, 1969). Both salicylates may be deter- 
mined simultaneously by use of the pH-dependent shift in 
their individual absorption spectra (Williams, Linn and Zak, 
TOSS ee layton and*iiérs; V96GGe Routh Shanes Arredondo Vana 
PaUISSUIGZ IMIS thy psochromic tsn tre ttechntquesresults in 
Some overlap of the absorption spectra of SA and ASA, and 
corrections are required for these spectral interferences 
(Clayton and Thiers, 1966; Routh, Shane, Arredondo and Paul, 
1967). The hypsochromic shift technique also requires dual 


determinations, one at each of two pH's. The individual 
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determinations of SA are subject to interference from ASA, 
gentisic acid, and 2,6-dihydroxybenzoic acid (Ungar, 

Damgaard and Wong, 1952). This interference may be greatly 
reduced by using the pH-dependent shift method (Routh, Shane, 
Arredondo and Paul, 1967). 

The third methodological division is the fluorometric 
group. By these techniques, ASA may be estimated directly 
iMivhkes cand sSchenkri1970)}5 von asisis tmore of tenathe seases 
either after hydrolysis to SA by the "difference method" 

(bie and Frislid, 1970), or after a separation step followed 
by hydrolysis. Separation has been achieved by paper chroma- 
tography (Lange and Bell, 1966), by chemical reaction with 
ceric ammonium nitrate (Cotty and Ederma, 1966; Kanter and 
Horbaly, 1971), and by gel filtration (Lee, Thompkins and 
Spencer, 1968). By analogy to the colorimetric assays, 
fluorometric analyses are specific for SA only, which 
necessitates dual determinations, or a separation and hydro- 
lysis procedure in order to estimate ASA. Another problem 
with fluorometric assays is the high and variable background 
fluorescence. The use of blank plasma from each individual 
subject minimizes this problem (die and Frislid, 1970). 
Fluorometric assays are relatively free of interference from 
substameas such -asi esa licy hami dey esa liey lUniceaciidsecand 
salicylic acid ether glucuronide, following separation (Cotty 
and Ederma, 1966; Kanter and Horbaly, 1971). Another 


advantage is that relatively small amounts of sample are 
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required. Micro-methods employing as little as 0.1 ml of 
blood have been developed (Cotty and Ederma, 1966; die and 
Evisiad2ong970ve 

The fourth analytical group is that of the chromato- 
graphic estimations. Thin layer chromatography (Cummings 
and King, 1966; Morrison and Orr, 1966) and liquid chroma- 
tography have been employed (Stevenson and Burtiss, 1971); 
however, the majority of the quantitative chromatographic 
procedures used for salicylates involve gas liquid chroma- 
tography (GLC). Estimation of ASA and SA as the free acids 
by GLC (Hoffman and Mitchell, 1963; Nikelly, 1964; Dechene, 
Booth and Caughey, 1969) is difficult due to their low 
vapour pressure and the presence of polar functional groups 
which cause adsorption and tailing. Masking the functional 
groups by derivatization renders these molecules much less 
polar, more volatile, and consequently more amenable to GLC 
analysis. Among the derivatives which have been prepared 
quantitatively are the methyl ester- methyl ether derivatives 
(Crippen and Freimuth, 1964; Morris, Christian, Landolt and 
Hansen,’ 1970%*Watson,»Crescuolovand Matsvi5'1971),° and=the 
trimethylsilyl (TMS) derivatives (Horii, Makita, Takeda, 
Tamura and Ohnishi, 1965; Blakely, 1966; Rowland and 
Riegelman, 1967; Rowland and Riegelman, 196/7a; Mamer, 
Crawhall and: Tjoay 1970). 

One advantage of GLC methods is that they permit the 


estimation of both compounds simultaneously (Nikelly, 1964; 
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Crippen and Freimuth, 1964; Morris, Christian, Landolt and 
Hansen, 1970; ,Watsonsgs Crescuolo,and. Matsui, 1971)s«; the 
estimations are also relatively rapid and may require as 
little as three minutes to estimate both salicylates (Morris, 
Christian, Landolt and Hansen, 1970). 

The fifth group of analytical methods is a miscella- 
neous category of techniques which are used less frequently, 
for example, infrared spectrophotometry (Parke, Ribley, 
Kennedy and Hilty, 1951), nuclear magnetic resonance spectro- 
metry (Winefordner and Latz, 1963; Miles and Schenk, 1970), 
and non-aqueous titrimetry (Lin, 1967; Fogg, Sausins and 
Smathsion .2.19 70). 

The most promising of these methods appear to be 
GLC estimations. The reasons for this are relatively 
straightforward. First of all, both SA and ASA may be 
determined directly and simultaneously in a single chroma- 
tographic run. Secondly, they are, considerably less time 
consuming than the colorimetric, ultraviolet and fluorometric 
assays because of the elimination of the hydrolytic and 
separation steps, as well as the dual determination. Thirdly, 
they are also the most specific of the methods discussed. 
Even similar compounds, such as benzoic acid, m-hydroxy- 
benzoic acid and p-hydroxybenzoic acid (Blakely, 1966); 
2,5-dihydroxybenzoic acid, 2,3-dihydroxybenzoic acid, and 
2,3,4-trihydroxybenzoic acid (Morris, Christian, Landolt 


and Hansen, 1970); and acetophenetidin (Hoffman and Mitchell, 


7 an ¥ 
a a ne 
77 bas ee ne Pa one 
sft .(1EeT  ruetem bas ot suse fost ew sve 192 


 Letyrat) eateiystise dtod sdemttea Be getintm wevdt me sf00tt 


: aa 
3 
7 


%6 ertien' ah baé brqsy yleviteley oels a8 ena 


(ore? sag2meh bas. J topaes  nstsat 1 7 


~6fTaszim 6 <f thenven [sotighsné. Yo gdoerp lil aT 


| ene 
; svitastpait acs! becu avs Aotiiw 2a0pranaes 6 YTeps lad “« 
Med or %) CTSEMOTOER ST tree batartat eae ad a 


: -e1f2092 S3nerces? ai isnpsm xeekstin  CTeet oxtioh bee ghanney. : 
morel.. dnsise brs. 2977 >,EaeD — 3764 bie varibvoy ont), + 

| bab enreve2 ,epod :4481 aid) yodamtseh? ‘eebeupe- aie im 

| | (ater eno addin? 


20 03 4eayne 3 ‘bons 3h) aeons alt pase teayg F2om BAT : 
efayviseler o%e etat wot enoesen SH) -. eno Fisabies sua 

7 - _ 
ad Ven S2A Woe Ae Mad , ie te Fevgi Draws ots neh a 
“guaits sfynte t Pr Vfeuosnsd] umre Hin ¥ igen benitmyets 


- 


amt? 226f \idsvabt2and ots vend ,ffhaosse ne ote m 


apr danoraul bas Tohot var? fe op kerpaayee ed? nem ontey a2 


bre ataehosbs ‘ she ¥6 norssmin fe 3itf aT stvesad eye Ss 


-“lbrial .voPteniaveteb fevb ong te 25. Fan ah ceqnta no bisvee a 


: 
- hele 
: bgreaoeth oa ais ne iyubien izom sit o2ls ers Yond 
wi) 
: —— athe siosaea as ive ‘is eunonc ein es 


; 


- (ager , yteaere) btse atasnadyxorby aie q tne a it 
7 7 bas ec b-£. $ bia. 9 dib~ 


: cle uw cat ie vatavon) Mas osname onoutindck ES 


7 


a a) ss 


1963) will exhibit different retention times from the sali- 
cylates, and will consequently not affect their estimation. 
Fourthly, GLC methods are quite sensitive and compare 
favourably with fluorometric procedures. For example, 


0.4 wg ASA mi! 


may be determined in the presence of a vast 
excess of SA (Rowland and Riegelman, 1967a). 

Although ASA has been estimated as the free acid by 
GLC (Hoffman and Mitchell, 1963; Dechene, Booth and Caughey, 
1969), no evidence is presented by these authors for similar 
SA determinations. The GLC estimation of free ASA has been 
described as difficult (Nikelly, 1964) due to its low vapor 
pressure and the presence of the carboxylic acid functional 
group which interacts with the solid column support to cause 
adsorptror andetailing. = Simibkarhly, “SA wrth “two*polar 
functional groups should undergo greater adsorption and 
be even more difficult to chromatograph. 

To reduce the polarity of the free salicylates, and 
render them more amenable to GLC analysis, the functional 
groups may be masked in derivatives. Some success has been 
achieved in the analysis of SA and ASA as their respective 
methyl ester- methyl ether derivatives (Crippen and 
Mreamuti.. 10604. Morris, Christian, Lando) bond Nansen. j1o70; 
Watson, Crescuolo and Matsui, 1971). However, these proce- 
dures have distinct disadvantages: 

a) Methylation reactions may be tedious using BF ./ 


methanol because of a refluxing step (Crippen 
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and Freimuth, 1964). 

b) Alternate syntheses of the methyl derivatives 
involve the generation and use of diazomethane, 
both of which may be hazardous (Morris, Christian, 
Landolt and Hansen, 1970; Watson, Crescuolo and 
Matsut. = ho fy 8 

Another derivative which has been widely employed in 

the GLC analysis of these and related compounds are the TMS 
ester- TMS ether derivatives (Horii, Makita, Takeda, Tamura 
and Ohnishi, 1965; Blakely, 1966; Rowland and Riegelman, 
1967; Rowland and Riegelman, 1967a). None of these proce- 
dures describes the use of TMS derivatives for the simul- 
taneous estimation of both SA and ASA in biological samples. 
With these problems in mind it was decided to develop a 
method for the simultaneous estimation of the TMS deriva- 
tives of both salicylates by GLC in biological samples. 

TMS derivatives were selected over methyl derivatives 
because their reagents are relatively convenient to work 
with, there is less risk involved in their use, and they 


are available as such and need not be prepared prior to uSe. 
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II. Review of Literature on Salicylate Absorption 

Orally administered salicylates are rapidly absorbed. 
Peak blood levels have been obtained after thirty minutes 
with a solution of ASA, and after sixty minutes with tablets 
(Leonards, 1963; Levy, 1964; Putter and Bauer, 1970; Rowland, 
RRegel han velarh ys sand Sho What f5— 19 Wi... AbSOnD BLOnsoccUuRns. to 
some extent from the stomach (Hogben, Shanker, Tocco and 
Byodie 419.573 .Shanker, «Shore ,..Brodie.and sHogben,.19573 
Weatke beandpishs.1959ssDoluisio, Bullups, Dintenteougite 
and Swintosky, 1969), but mainly from the small intestine 
(Shanker, Tocco, Brodie and Hogben, 1958; Weikel and Lish, 
W959 Doluisios Billuess «Dittert, Sugitagand Swintos kys.1909). 

The predominant mechanism of salicylate absorption 
is a physical process of passive diffusion of nondissociated 
molecules across the gastrointestinal membranes (Shanker, 
Shore seBrodie .and.Hogben.s. 1957; .Shanker, iJocco, Brodie jand 
Hogben, 1958; Hogben, Tocco, Brodie and Shanker, 1959). 
THiS mevHePartirti onpiypothesisenstates thatythessaterof 
absorption of drugs depends upon the concentration of non- 
ionized molecules, and their lipid solubility (Goodman and 
Gilman..1970).. At the low pHyof vthe, stomach, salicylates 
are expected to exist primarily in the unionized form. 
Consequently, their lipid solubility is high, and they are 
expected to be absorbed rapidly. 

On. the other hand,.the pH of the intestine 1is.much 


higher than that of the stomach. This pH virtually ensures 
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complete ionization of the salicylates, and greatly reduces 
their lipid solubility. Theoretically then, their absorption 
from the intestine should be insignificant. The rapid 
intestinal absorption observed may be rationalized in terms 
of the extremely large mucosal area of the small intestine, 
which apparently reduces the need for a large fraction of 
the drug to be present in the unionized form. Large numbers 
Oferolds#ogrkerkuingss villi tand mierovilligin-the fsmali 
intestine have been estimated to increase the surface area 
of the small intestine approximately six hundred times, 
relative to a cylinder of comparable dimensions (Wilson, 
1962). The, net result is that the intestine is the major 
Site of salicylate absorption (Hogben, 1960; Doluisio, 
Brldupss i Oitterts SugitasanddSwintosky,s «1969)% 

The: pH4¥Partition, Hypothesis has»been criticized, for 
not adequately explaining some observed intestine-to-plasma 
drug concentrations. Experimental results suggested that 
the minimum pka value consistent with rapid absorption of 
a weak acid is approximately 3.0, while the highest pka 
compatible with the absorption of a weak base is 8.0. 
Assuming the pH of the intestinal fluid to remain relatively 
constant at 6.5, the minimal ratio of nonionized to ionized 
molecules required for rapid absorption of weak acids is 
123000) fendsi<30nforwweakabasestgtdhigelange ditterence 
implies that the intestinal barrier is less permeable to 


the ionized form of weak bases than to the ionized form of 
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weak acids. This differential permeability would not be 
consistent with the concept of a passive lipoidal-sieve 
membrane. In order to achieve quantitative conformity, it 
Was™been*postulated*that*a°'microclimate “exists at’ the 
epithelial surface of the small intestine, which has a 
virtual pn ©ot*about’ 5°35 regardiess of the pH¥of’ the ruminal 
fluid (Shanker, Tocco, Brodie and Hogben, 1958; Hogben, 
Tocco, Brodie and Shanker, 1959; Hogben, 1960; Doluisio, 
Billups, Dittert, Sugita and Swintosky, 1969). 

It has been demonstrated, by an in situ technique, 
that the absorption of ASA and SA from the rat stomach is 
increased in an acid medium at pH 1.0 compared to a pH of 
8.0 (Shanker, Shore, Brodie and Hogben, 1957). These 
observations have been extended by human studies (Cooke and 
Hunt, 1969; Cooke and Hunt, 1970), where it was observed 
that unbuffered ASA is absorbed from the stomach at approxi- 
mately ten times the rate of buffered ASA. Buffered ASA 
is emptied more rapidly from the stomach than is unbuffered 
ASA (Hunt, 1963; Cooke and Hunt, 1970); in fact, unbuffered 
ASA has been shown to reduce the rate of gastric emptying 
(Weikel and Lish, 1959). These observations are consistent 
with the hypothesis that absorption is a function of the 
concentration of nonionized molecules. 

The absorption of salicylates follows apparent first 
order kinetics (Levy and Hollister, 1964; Doluisio, Billups, 


Dittert, Sugita and Swintosky, 1969; Doluisio, Tan, Billups 
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and Diamond, 1969), with a half-life of absorption ranging 
from 4.5 to 16 minutes (Rowland, Riegelman, Harris and 
Sholkoff, 1972). The concentration gradient across the 
mucosa is maintained by the normal circulation of blood 
through the mucosa and submucosa. 

Numerous publications have reported significantly 
higher blood levels of salicylate from buffered versus 
unbuffered preparations (Paul, Dryer and Routh, 1950; Carlo, 
Cambosos, Feeney and Smith, 1955; Truitt and Morgan, 1962; 
Leonards, 1963; Cotty, Zurzola, Beezley and Rodgers, 1965). 
These findings seem to refute the theory that passive 
diffusion of unionized molecules is responsible for absorp- 
Cionteyltathiseeffectois»localizedsin. theagstomach, gone 
possible explanation is that the continuous secretion of 
hydrogen ions maintains a much lower pH at the site of 
absorptions than inethesbulkafiuiid-of,the gastyic; pouch 
(Hogben, 1960). Unfortunately, these studies used blood 
levels of salicylate as the index of absorption, and could 
therefore not provide any information regarding the sites 
Ofsabsanption. nen of jthe.ef fects .of buffers atgtheseasites . 
A more plausible explanation is that the effect of the 
buffers is to produce more rapid transfer of the gastric 
Gontents<to thes,intestine, 1the smajor isite,of ssa} icy late 
absorption. 

Salicylate absorption from enteric-coated preparations 


is designed to occur exclusively in the small intestine. 
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In practice, however, they are poorly and incompletely 
absorbed (Levy and Hollister, 1964), and produce lower 
Salicylate levels than do uncoated formulations (Hollister 
and Kanter, 1964; Leonards and Levy, 1965), with significant 
plasma levels not being attained until six or more hours 
after administration. Considerable inter-subject variation 
has been reported with enteric-coated preparations (Blythe, 
Grass and MacDonell, 1959; Hollister and Kanter, 1964; 
Clark and Lasagna, 1965; Leonards and Levy, 1965), and the 
suggestion has been made that there may be a correlation 
between the blood levels obtained with various formulations 
(both enteric and non-coated) in the same individual (Truitt 
and Morgan, 1962; Levy and Hollister, 1964; Clark and 
Lasagna, 1965). This suggests significant differences in 
residence times of nondisintegrating solid dosage forms in 
the stomach (Blythe, Grass and MacDonell, 1959; Leonards 
and Levy, 1965). A more plausible suggestion is that the 
variability in observed blood levels are due to large 
individual differences in rates of salicylate elimination 
(Levy and Hollister, 1964a; Wood and Syarto, 1964; Bedford, 
Cummings and Martin, 1965; Levy, 1965; Paulus, Siegel, 
Mongan, Okun and Calabro, 1971). Evidence suggests that 
the overall rate of salicylic acid elimination can be 
described by a first order process only when the amount 
present in the body is less than 0.3 g (approximately 2.0 


mmoles), (Bedford, Cummings and Martin, 1965; Levy, 1965a). 
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Ad teveaasingle.oney g.dose,ofehsaA.e theameana alts literor 
Salicylate has been reported to be six hours (Brodie, Burns 
and Weiner, 1959), while after very high doses, a value of 
nineteen hours has been obtained (Swintosky, 1956). These 
dose-dependent elimination kinetics are due to two capacity 
limited processes involved in SA metabolism. One saturable 
process fispthat.ofaglycine congugationstosgtormesalicy)]unic 
acid (Levy, 1965; Levy, 1965a; Bedford, Cummings and Martin, 
1965; Cummings, Martin and Renton, 1966; Levy and Amsel, 
1966; Amsel and Levy, 1970). The second rate-limiting 
process is that of glucuronide formation (Levy, Tsuchiva 
and Amsel, 1972; Tsuchiya and Levy, 1972). These two 
metabolites account for the majority of salicylate detoxi- 
fication. Saturation of the processes leading to the 
formation of the major metabolites, results in an increase 
in the fraction of unconjugated salicylic acid excreted and 
the production of minor metabolites, such as gentisic acid, 
formed (Alpen, Mandel, Rodwell and Smith, 1951; Boreham and 


Martin, 1969). 


III. Gastric Absorption Interactions 


Salicylates have beem implicated in numerous drug- 
drug interactions and various explanations have been postu- 
lated for these interactions. Among them are: pharmaco- 


logical potentiation, both additive and synergistic; 
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displacement from plasma or tissue proteins, enzymatic 
interference, either induction or inhibition of metabol 1zing 
enzyme synthesis or competition for limited enzyme action; 
interference with urinary excretion; and interference with 
drug absorption. The latter group of interactions was 
Singled out for further investigation. 

There are few known mechanisms regarding the inter- 
ference of drugs and exogenous compounds on salicylate 
absorption. One proposed mechanism involving SA and caffeine 
is that these two compounds form a 1:1 soluble complex at 
pH 1.3, the result of which is decreased absorption from the 
rabbit stomach (Goto, Takamutsu, Shibao and Iguchi, 1968). 
This observation may help to explain previous data that the 
caffeine in ASA, caffeine and phenacetin mixtures inhibits 
the observed augmentative analgesic effect of the mixtures 
in mice (Grotto, Dikstein and Sulman, 1965). 

Acetazolamide has been shown to increase the absorp- 


tion of SA from rat intestinal sacs in an in vivo experiment 


— 


(Schnell and Miya, 1970). The mechanism postulated is that 
the decrease in pH due to carbonic anhydrase inhibition 
decreases the amount of ionization of SA and renders it more 
readily absorbable. This hypothesis may be criticized on 
the basis of the known relative insensitivity of intestinal 
carbonic anhydrase to acetazolamide inhibition (Goodman and 
Gilman, 1970). 


Certain cations affect the passive intestinal 
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absorption of drugs. Both ammonium and potassium ions were 
Shown to decrease salicylate transfer from rat jejunum in 
vitro (Mayersohn and Gibaldi, 1970). No mechanism was 
proposed for the inhibition, although it was noted that the 
effect is dependent on the concentration of cation and is 
directly related to cation permeability. 

There is some evidence to suggest an interaction 
between indomethacin and ASA. One study has proposed a 
decreased and delayed oral absorption of radioactive indo- 
methacin when administered with ASA to arthritic patients 
(Jeremy and Towson, 1970). When administered intravenously 
to rats, decreased plasma levels of radioactivity were 
observed. Salicylic acid given intravenously or orally to 
rats from one to three hours after the administration of 
radioactive indomethacin resulted in decreased plasma radio- 
activity (Yesair, Remington, Callahan and Kensler, 1970). 
Concommitant urinary excretion of radioactivity decreased 
while bilary and fecal excretions increased. More recent 
evidence from human studies suggests the proposed interaction 
between ASA and indomethacin does not exist, and warns of 
the pitfalls of using non-specific isotope labeling methods 
(Champion, Paulus, Mongan, Okun, Pearson and Sarkissian, 
19.72 ye 

Evidence regarding the effect of ascorbic acid on 
salicylate absorption is scant and conflicting. It has been 


reported (Denko, 1961) that ascorbic acid, p-aminobenzoic 
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acid and ASA combinations produce lower serum salicylate 
deve loo An vantiini tic watiants sthat did ASitalone. (thes ose 
of ascorbic acid used (20 mg) was very low, and any proposed 
interaction would be minimized. Furthermore, these combina- 
tion tablets were enteric-coated, and presumably passed 
through the stomach intact. Then rapid intestinal absorp- 
tion would again minimize any proposed interaction. 

More recently (Staudacher and Mitiller, 1969) it has 
been observed in human volunteers that combination tablets 
of 660 mg ASA plus 400 mg ascorbic acid produced signifi- 
cantly higher blood levels than did ASA alone. These 
observed differences were significant for up to two hours 
after oral administration, which suggests at least partial 
Stomach involvement in the interaction. One possible 
explanation of, this effect is that it may be due to formu- 
lation differences between the test and control dosage forms. 
This may result in large differences in tablet disintegration 
rates and consequent salicylate absorption. It was this 
reported interaction which was singled out for further 


investigation. 


IVs “Objectives of This study 


The objectives of this study were as follows: 
a) To develop a method for the simultaneous estimation of 


ASA and SA from plasma samples as their TMS derivatives 
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uSsinig  GLCy, 

To apply the method to an in vivo determination of 
bioavailability of various formulations of ASA, and 

To employ the method to study the proposed interaction 
of ascorbic -acid on ASA absorption. ~ Any possiblemeifect 


of ASA on ascorbic acid absorption was also to be noted. 
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I. Instrumental 

All salicylate analyses, with the exception of the 
combined gas liquid chromatography-mass spectrometry (GLC-MS) 
Studies, were conducted on a Perkin-Elmer model F-11 gas 
chromatograph, equipped with dual flame ionization detectors. 
The signal from the detectors was fed into a Hewlett-Packard 
model 7127A strip chart recorder, with a1 mv full scale 
response and a chart speed of 0.5 in min?! , Dual coiled 
glass columns, two metres in length and 4 mm internal 
diameter, containing 3% of OV-25 liquid phase coated onto 
60/80 mesh Chromosorb G (regular) were used in the analyses. 
The operating temperatures were: injectors, 240°; oven, 160° 
(ioothermal): andydetectors, 240°. 

Tne theory of gas chromatography has been adequately 
reviewed in several texts (iver Heftmanns (1960.13 Szymanski, 
1964; Chatten, 1969; and Littlewood, 1970), and will not be 
dealt with extensively here. 

Column efficiency is a function of themlinéar carrier 
gas velocity, and to determine maximum efficiency, the flow 
rate of the carrier gas, helium, was varied whilst al? otner 
parameters were held constant (Figure 1). The number of 
theoretical plates, N, at each flow rate was calculated from 
the following formula (Heftmann, 1961): 
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where L is the distance from the point of injection to the 
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Figure 1: Plot of Mean Number of Theoretical] Plates versus 
Carrier Gas Flow Rate for Columns of 3% OV-25 on 
Chromosorb G (regular) 60-80 mesh 


(Each point represents the mean of three determinations) 
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Centersoretmenpeqkseand Wi/24s) the peak width at. Ivalt 
height. 

The HETP, or height equivalent to one theoretical 
plate, may be calculated by dividing the mean number of 
theoretical plates at each carrier flow rate by the column 
length (Figure 2). According to the plate theory of sepa- 
ration, the larger the number of theoretical plates present, 
the greater will be the separation of individual component 
peaks. 

Extrapolation from Figure 1 indicates that the 
maximum number of theoretical plates is approximately 1800, 
and this figure results at a linear gas velocity of 48 ml 


min’, In subsequent experiments a flow rate of 55 ml min- 


] 
was employed, which corresponds to about 1700 plates. This 
figure is considerably less than a recommended value of 5000 
plates tfor a6 ft analytical Column (Heftmann, 1961, p. 181). 
The columns used here produced adequate separation of the 
conponentsswithinua satistactory length of time th Spite of 
the relatively small number of plates. 

At 55 ml aii the combination of air flow of 


approximately 600 ml min’ !, and of hydrogen flow of 40 ml 


min?!, produced an optimal balance between maximum detector 
sensitivity and frequent flame extinction by solvent in the 


injected sample. 
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Figure 2: Plot of HETP versus Flow Rate for Columns 
of 3% OV-25 on Chromosorb G (regular) 60-80 mesh 


(Each point represents the mean of three determinations ) 
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ie Sl ly lation studies 
The structure of SA suggests that it should be 


possible to obtain up to three individual trimethylsilylated 
(or silylated) derivatives. Multiple GLC peaks have been 
reported previously from attempts to silylate SA (Rowland 
and Riegelman, 1967; Watson, Crescuolo and Matsui, 1971). 

In these preliminary experiments two peaks were obtained 

in variable ratio as silylation products of SA. Previous 
workers (Burkhard, 1957; Choby and Neuworth, 1966) had 
Synthesized two of the three possible structures, namely 
2-trimethylsiloxybenzoic acid (MSSA), and trimethylsilyl, 
2-trimethylsiloxybenzoate (DSSA). No evidence was presented 
for the existence of the third possible derivative, 
2-hydroxytrimethylsiloxybenzoate. This observation is in 
agreement with the general order of decreasing ease of 
Silylation, which places phenols before carboxylic acids 
(Pierce, 1968). 

In contrast, ASA can produce only one silylated 
derivative, trimethylsiloxyacetylsalicylate (ASA-TMS). The 
structure of the silylated derivatives, their molecular 
weights and chromatographic retention times are given in 


PUgure sic 


a) GLC-MS Data 
Mass spectral data, obtained from combined GLC-M5 is 
Summarized in the line diagrams of Figures 4 and 5. These 


low resolution mass spectral studies were conducted by 
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Figure 4: Mass Spectral Line Diagrams 
of Silylated Salicylates at 20 eV 
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Figure 5: Mass Spectral Line Diagrams 
of Silylated Salicylates at 70 eV 
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Dr. A.M. Hogg and associates of the Department of Chemistry 
atetnheoUniversity*of Alberta. “The*silylated salicylates 
were scanned at both 20 and 70 eV. A Varian 1200 gas 
chromatograph, coupled to an AEI-MS2 mass spectrometer was 
used in these studies. This chromatograph was a single 
column instrument, and the column packing and operating 
conditions were identical to those mentioned previously. 

The mass spectrum of MSSA was consistent with the 
corresponding structure proposed in Figure 3. A 20 eV 
Spectrum showed characteristic ions at m/e 210 (5.4%, M"); 
195 (17.32, N-15 ); 151 (5.5%, N-15-CO, ); 75 (12.5%, 


+ 
(Guay si oUHlemandhtcelS.72 (CH) Si7]. In addition, the 


3)2 3 
70 eV spectrum of MSSA had an ion at m/e 45 (30.8%), shown 
by accurate mass measurement to be COOH’. The existence 
of the latter ion is taken as further evidence against the 
synthesis of the other possible isomer of MSSA, namely 
2-hydroxytrimethylsiloxybenzoate. 

Both the 20 eV and the 70 eV mass spectra of DSSA 
showed the following characteristic ions: m/e 267 (77.4%; 
M-15"); 209 [5.5%, M-Si(CH,),°]s 193 [4.9%, M-OSi(CH3), "J; 
aCe ho O sce, (Ole ew lk These ions are consistent with 
a previously published spectrum of the disilylated deriva- 
tive of SA (Mamer, Crawhall and Tjoa, 1970) and support the 
proposed structure of DSSA inp higure 3. 


The mass spectrum of ASA-TMS at 20 eV shows ions at 


m/e 193 [23.0%, M-OSi(CH3)3 J and 73 [100.0%, eect: 


oA Te a 


(one to sueasenn sisal to a enn ‘he (peow. 

a7 - eatelyot fae tesa ryt re ait : Sh4BdTA to. boron es! 16 

- 25p 00ST natvey A Ms oF bis OS ‘ited 38 bennes2 | oie. 

7 #eu tS39OVPaeGe eee SeM- a8 ie ot belive fae ye03 émar a 

aryers 6 2hw #qnnpo% smart 2 batt veo Fbus2 ozaMi at beat 

entterago: boas on fideo. nmutoo ont ‘burs jaesmunaent ‘nat 

_Vieustyseo banetitnem stont ot Teotensbt svsw enoty Hing: 

rr djiw tnet2benos 2ow AgeM to murtaage 226m eT 

Yo OS A LE BPUDTT Th, ‘skiers = snidaiint2 oa fF bnogestt0>, 

¢-M (36.2) OFS @\i a6 eaod nterretossnits bswore ee ac 2. 
pee.St] 2Y rt "QI saT=M 78862) rer (tate eee =) 

anf ,aofs Thhe nl -t TeEt 49) se¥.8j, ES bis THO= F< 

awotz ,(¥8, 08) 2) |\m 25 not ne) bar Ae2?M Yo murtaagz/¥e OT 

sunstehes sit , HOOD od od Thsmarwesom eae eis1ua7® yd : 

ant t2fisbe so9nSbivs wsltye? eh mekes ef aot savin oat oS 

giamen .A2eh to tomoel oT OPgent: Al aoe out Yo shendae s 

piaseegoapiapoicabiie, . 

Ree} 460 attosaz cabm Vs AY sft bas i OS git d308 

S28.NU) VO5 By penoT i etraa Savana privet tet ant b: nal 

A el ghd) FeO-M #2 Adjeeh rT i) zo 42-2) os 4C* EN 

Ww bastefence se ang deeaee’ if ‘negigna) /20.000] EX ny mag 

<a¥breb: bast yPhztt ade 26 muraaeqe eine i | 


one Srogque bins hor it yao ‘bts ee 198 . Ye ya ; 


«, ondbrH Mota cro ad 2 ine 
| in $0 
ua a 7 


eke 240) 1208 -\ ote ia 

e “ty * 

oy, ae 
- _ a 


-29 


In addition the corresponding 70 eV spectrum showed ions at 
mes 2100 (d5e22 , M-CH,=C=0" ) 5 1958 (44n825 M-42-15'); and 

IBS 20R0 UM M-COOSi(CH3)°]. The loss of CH,=C=0 (42 mass 
units) is characteristic of acetates. 

The mass spectral data obtained in these studies is 
conflicting and difficult to interpret. For example, the 
RonsHor m/etN2 20582215222 022 32and¥ 2soui nr thes] 0M eve scan 
of MSSA are obviously the result of ion formation in the 


mass Spectrometerehiwinetpresence ofpan tion at? m/fer75s” for 


MSSA may be explained as follows: 
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Both scans of DSSA show fairly strong peaks at m/e 75. 
This ion could not be formed in a manner similar to that 
Shown for MSSA because of the absence of the acid H atom. 

The 70 eV spectrum of ASA-TMS shows the same spurious 
ions (m/e 220, 2213 222, 223, and 236) as found in the 70 eV 
MSSA trace and presumably arise in the same fashion. The 
absence of the M-42 ion in the 20 eV spectrum of ASA-TMS 
1s} also difficult to rationalize. 

A typical chromatogram is depicted in Figure 6. This 
trace was obtained from a 1 ml sample of plasma from a 
Subject one hour after the ingestion of 1.95 4 of ASA ina 
buffered formulation. The first peak following the solvent 
peak is n-butyl benzoate (BB); the internal standard for 
peak 2, DSSA. The break in the trace between peaks 2 and 3 
is due to a change of attenuation required to magnify the 
ASA-TMS peak which renders it easier to quantitate. Peak 3 
is ethyl anisate (EA); the internal standard for peak 4, 
ASA-TMS. 


b) Method of Quantification 

The method of quantification chosen in these studies 
was one of internal standardization. Two such standards 
were used because of the large difference in plasma concen- 
trations of SA and ASA. Internal standards were used for 


the following reasons: 
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Figure 6: Typical Chromatogram 
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ljvrltrisidifficulthto injectkhexactily. théesamesanounteof 
Sample mixture into the chromatograph each time. With 
internal standards, the ratio of a particular peak area 
to its internal standard remains unchanged, regardless 
of variations in sample size. 

2) In case some of the sample solution is accidently lost 
during handling procedures, the peak area ratio of a 
particular peak to its internal standard will not change, 
although their absolute sizes will both be reduced. 

3) Repeated injections of samples containing excess sily- 
lating reagents resulted in a gradual diminution of 
absolute detector response. Its relative sensitivity, 
in the presence of internal standards, remains unchanged. 

Areas of the two salicylate peaks and their internal 

Standards were determined by triangulation, and then the 

peak area ratios, DSSA/EA and ASA-TMS, were calculated. 

Calibration curves, constructed by varying the weights of 

salicylates with constant weights of internal standards, 

were used to determine the weight ratios of the unknowns 

involved. Because the weight of internal standard is kept 

constant, knowledge of the weight ratios permits calculation 
of tie amounts of Salicylates present. 

Triangulation was selected as the means of peak quan- 
tification over other methods such as peak height measurement 
and peak weight determination. Peak area measurements are 


less subject to variation due torsmall fluctuations in 
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carrier flow rate than is peak height. Peak weight deter- 
minations are destructive and also more tedious than 
triangulation. The use of a planimeter or electronic 
integrating equipment gave no better results. 

In order to obtain traces such as that shown in 
Figure 9, the following four factors were found to be of 
critical importance: 


7] Time for reaction 


) 
ii) Silylation reagent used 
iii) Solvent used 
iv) Presence of moisture 


c) Time for Reaction 

Figure 7 shows an experiment in which the disilyla- 
tion of SA was monitored over a 250 minute period. In order 
to cover the expected range of concentrations of SA in 1 ml 
of plasma, two concentrations (25 yg and 150 ug) of SA were 
Studied. Similarly, Figure 8 shows the monosilylation of 
ASA (5 wg and 25 ug). 

It is apparent from these two figures that the sily- 
lation reactions run to completion in approximately 50 
minutes, as there are no appreciable increases in peak area 
ratios past that point. Furthermore, both DSSA and ASA-IMS, 
synthesized in this fashion are stable for a minimum of four 
hours after the addition of the reagent. Decomposition of 
the derivatives would be reflected in decreased peak area 


ratios. In all subsequent studies, 60 minutes was allowed 
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50 100 150 200 250 
Minutes After Addition of Reagent 
Figure 7: Time Required for Disilylation of Salicylic Acid 


Key: @ e150 ug SA and 25 ug BB 
6-—_—— 0.25 ug SA and 25 19 BB 


(Each point represents the mean of three determinations) 
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50 100 150 200 ZOU 


Minutes After Addition of Reagent 


Figure 8: Time Required for Monosilylation 
of Acetylsalicylic Acid 


Key: a—————a 25 ug ASA and 0.5 yg EA 
Ay Sg ASAPand 075 WoOeEA 


(Each point represents the mean of three determinations) 
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to elapse between the addition of reagent and injection of 
a portion of the reaction mixture into the chromatograph. 
To minimize the time involved, successive samples were 


silylated at ten minute intervals. 


d) Silylation Reagent Used 

In order to determine the most useful silylating 
reagent for these studies, several common reagents and 
reagent mixtures were investigated: 

a) 100 yl HMDS 

Dye TOC! Bon 

Ce hOCt al VUNGS 

d) 50° a! HMDS and 50 yt TMCS 

e ) SOL HMDS and 20 1 TMCS 

Fixed quantities of SA (150 ug) and of ASA (25 ug) 
were silylated with these reagents at room temperature 
(Figure 9). Neither bis (N,O-trimethylsilyl) acetamide 
(BSA), nor trimethylchlorosilane (TMCS), produced as large 
peak area ratios within 60 minutes as did hexamethyldisila- 
zane (HMDS). Mixtures of HMDS and TMCS showed no advantage 
over HMDS alone, and the extent of silylation observed with 
these mixtures appeared to be dependent upon the amount of 
HMDS present. Consequently, HMDS was selected as the sily- 


lating reagent. 


e) Solvent Used 


Choice of solvents for silylation reations is somewhat 
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limited by the following: 
i) The solvent must be inert to silylation. This 
requirement eliminated alcohols, phenols, thiols, 
primary and secondary amines, carboxylic acids, 
enolizable ketones, and other solvents which 
readily decompose into these compounds. 
ii) The solvent must elute rapidly from the GLC 
column. This stipulation excluded most of the 
tertiary amines, even those of low molecular 
weight such as trimethylamine and triethylamine. 
Usange=l00-ul-of HMDS as the silylating-reagent., dnd 
fixed quantities of 45A (150 ug)iand of ASA (25 wg) several 
common silylation solvents were studied (Figure 10). 
Inspection of Figure 10 reveals the presence of MSSA in the 
majority of the traces in 60 minutes. The presence of an 
MSSA peak indicated less than quantitative synthesis of DSSA. 
Therefore, the following solvents were eliminated: dimethyl- 
formamide, dioxane, chloroform, n-hexane, carbon disulfide 
and diethyl ether. This left two solvents, acetone and 
pyridine, both of which catalyze the disilylation of SA and 
the monosilylation of ASA to an equal extent. Pyridine, 
however, has a somewhat longer solvent tail than does 
acetone. This tail tends to overlap the salicylate peaks. 
For these reasons, acetone was selected as the solvent. 

The size of the MSSA peak in several of the traces 


using nonpolar solvents suggested the possibility of 
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quantitative MSSA synthesis. This alternative was inves- 
tigated using carbon disulfide, ether and chloroform. In 
all instances, however, some DSSA was formed, usually in 
variable quantity, and linear calibration curves could not 
be obtained. On this basis it was decided to synthesize 


DSSA quantitatively. 


f) Presence of Moisture 

ine Tounth critical factor invthese silylation 
reactions was moisture. The effect of moisture on the 
Sityiracvon of 150 nog SA and 25 WoeASA with” 100 a1 SdMDS an 
100 wl acetone, was investigated. It is shown in Figure 11 
that the silylations are affected by the presence of moisture. 
The system appears to tolerate approximately 0.5% of water. 
ASA is somewhat more sensitive to moisture than is SA. Water 
in the reaction mixture is relatively slow to elute off the 
column, and produces a long solvent tail. 

Preliminary experiments suggested that 25 ul of HMDS 
is sutticient to siylate la mixture of 501g of SA and 
25auig ASA in 100 nl acetone. On this sbasis, 100 71 ‘of HMDS 
is enough to silylate approximately 600 ng of SA plus 100 ug 
of ASA. The maximum amount of SA (which is usually in vast 
excess of the amount of ASA) found in plasma samples in our 
studies, was never in excess of 200 ug ml, This large 


excess of reagent compensates for any reagent lost in 


reactions with possible extraneous material. 
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Percent Moisture Present 


Figure ||: Effect of Moisture on Silylation 


@ 150.9 SA cand@25 wa BB 


Key: @ 
o———o 25 g ASA and 0.5 ug EA 


[Increased quantities of water resulted in decreased 

peak area ratios, suggesting increased breakdown of 
silylated derivatives, silylating reagent or both. 

(Each point represents the mean of three determinations) ] 
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III. Plasma Extraction Studies 
a) Acidifying Agent 

Unacidified 1 ml plasma samples containing known 
quantities of SA and ASA yield approximately 4.0% of the SA 
and 6.0% of the ASA present when extracted into a suitable 
Organic solvent. These extremely low recoveries clearly 
indicated the need to lower the pH of the plasma to facili- 
tate partitioning into the organic phase. In order to 
improve recovery, numerous acidifying agents were investi- 
gated. Hydrochloric acid (0.5-6.0 N) produced considerable 
hydrolysis of added ASA. Trichloroacetic acid was found to 
extract into the organic solvent and hence neither of these 
two agents were considered suitable. Potassium bisulfate 
solutions have been employed successfully (Rowland and 
Riegelman, 1967a) and several concentrations were investi- 
gated here. The optimal concentration of KHSO, in terms of 
recovery of added salicylates was 10%. This concentration 
of KHSO produced comparatively little ASA hydrolysis during 
extraction even though the pH of the acidified plasma was 
approximately 1.0. In subsequent experiments 1 ml plasma 
Samples were acidified with 1 ml of 10% KHSO, solution. At 
this pH, the theoretical ratios of unionized : ionized forms 
Ofetieosalievylatesnis 008ml) tOCrono phases. O)eances00.. | 
fom BASAL (DKau0 50). 


b) Extraction Solvent 


Several solvents were screened in an attempt to 
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obtain quantitative recovery of added salicylates. A single 
extraction procedure was selected in order to minimize 
handling and to reduce the time required for analysis. The 
solvents investigated were diethyl ether, methylene chloride, 
ethylene dichloride and chloroform. The highest and most 
consistent recoveries of salicylates added to blank plasma 
were obtained with chloroform and ethylene dichloride. 
Chloroform was chosen over ethylene dichloride on the basis 
of its higher volatility. For example, 4.0 ml of chloroform 
may be removed by flash evaporation at 20° in approximately 
seven minutes, while the same volume of ethylene dichloride 
requires nearly 15 minutes. The time difference becomes 
appreciable when large numbers of samples are involved. 

The extraction solvent must be removed completely in order 
to facilitate complete silylation with HMDS-acetone. 
Although ether is relatively easy to remove, it is difficult 
to handle due to its volatility. Ether also dissolves 
appreciable water when mixed with aqueous samples. Chloro- 
form offered the best compromise between volatility and 
extraction of water. 

Using chloroform as the solvent, the optimal extrac- 
tion time was determined. A reciprocating mechanical 
shaking apparatus was used in these experiments. It was 
observed that ten minutes of shaking produced as high 
recoveries of added salicylates as did 40 minutes. In 
subsequent studies, all samples were extracted for 15 


minutes at room temperature on the same shaking device. 
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c) Percent Recovery 

To determine whether the percent extraction of SA and 
ASA remained constant over a wide range of concentrations, 
several combinations of SA and ASA were investigated 


(Table I). Ten replicates were used at each combination of 


Salicylates Added Percent Recovery 
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Table I 


Percenc® Extraction. of Various Combinations of SA and ASA 


salicylate concentrations. The salicylates were added in 

100 ul, ether to 1 ml plasma samples, and the ether was gently 
removed under a stream of nitrogen gas. The plasma samples 
were then acidified with 1 ml of 10% KHSO) solution. Five ml 
of chloroform were added and the samples extracted for 15 
minutes, in 15 ml glass-stoppered centrifuge tubes. The 
Samples were then centrifuged to separate the layers, and 


450m) atigquoats of the chlorororm layers were recovered 
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uniformly. The internal standards were added to the extracts 
and the samples evaporated to dryness on a flash evaporator 
at 20°%2°. Flash evaporation was selected over evaporation 
under a stream of dry nitrogen gas because the latter method 
resulted in considerable losses of internal standards. No 
such losses were observed during flash evaporation at 20°C. 
The evaporated samples were then reconstituted with 
100 wl acetone and silylated with 100 yl HMDS and left at 
room temperature for 60 minutes before analysis. Non-extrac- 
ted controls were used to determine the percent extraction. 
Inspection of Table I suggests that within the range 
of concentrations studied, the percent extraction of both 
Salicylates is independent of concentration. The mean 
percent extraction with this single extraction procedure 
Was found to be 90.625.8 for SA and 71.347.6 for ASA 


(standard deviations). 


d) Standard Calibration Curves 

Calibration curves were constructed for both SA and 
ASA in the following manner. Known and varying amounts of 
salicylates were added to separate 1 ml portions of plasma. 
The salicylates were extracted and analyzed as outlined. 
The observed area ratios of DSSA/BB and ASA-TMS/EA were 
plotted against the known weight ratios. Figure 12 repre- 
sents such a curve for SA. Each point represents eight 
determinations, and the mean and standard deviation about 


the mean are included. A computer drawn regression line 
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Slope = .594 


ede ZU Sagi 4.0 5. 


Weight Ratio SA/BB 


Figure 12: Extraction-Calibration Curve of SA versus BB 


(Each point represents the mean of eight determinations 
with standard deviations) 
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10 20 30 40 50 
Weight Ratio ASA/EA 


Figure 13: Extraction-Calibration Curve of ASA versus EA 


(Each point represents the mean of eight determinations 
with standard deviations) 
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was employed to obtain the best fit to the experimental 


data. Figure 13 is,the corresponding ASA. curve. 


e) Fluoride and Cooling 

It had previously been demonstrated that the presence 
of fluoride in whole blood samples and cooling of ae 
samples after drawing the blood resulted in considerable 
reduction of hydrolysis of ASA in the samples (Rowland and 
Riegelman, 1967a). The effects of fluoride and cooling were 
investigated as follows. Whole blood samples (7 ml) were 
drawn from volunteers into glass tubes containing 50 units 
of heparin, free of preservatives. Common preservatives 
Such as benzyl alcohol may be extracted, silylated and 
subsequently chromatographed. The blood was immediately 
centrifuged, the plasma was pipetted off and mixed at room 
temperature. Four 10 ml aliquots of the pooled plasma were 
withdrawn. Two of the aliquots were warmed to 37° on a 
water bath, and the other two were cooled to 1° on ice. 
Then 50 ul of KF solution (25 mg KF) were added to one ‘warm' 
and one 'cooled' aliquot. Subsequently, 25 yg ASA/ml] of 
plasma was added to each of the four aliquots. The ether 
was removed, the samples mixed and frozen immediately on 
dry ice. The total elapsed time between the addition of 
the ASA and freezing of the samples was approximately 
15 minutes. For the analyses, six 1 ml portions of each 
aliquot were assayed for SA. The results, summarized in 


Table II, suggest that both the presence of fluoride and the 
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Conditions Tornsa ” of ASA 
ug SA Present Hydrolyzed Hydrolyzed 


Table [I 


Effects of Fluoride and Cooling on ASA Hydrolysis 


(Note that a combination of fluoride and cooling resulted in 
least hydrolysis of ASA during the ten minutes of extraction) 


cooling of the samples reduces the magnitude of hydrolysis, 
but the combination of fluoride plus cooling is best. In 
Subsequent experiments whole blood samples were drawn into 
heparinized tubes containing fluoride. The samples were 
immediately cooled to approximately 1° on ice, and centri- 
fuged. Plasma was then pipetted off, rapidly frozen on dry 


ice, and stored there until required for analysis. 


f) Storage of Samples 

Previous experimenters had observed that plasma 
Samples containing ASA may be stored on dry ice for periods 
as long as 30 days without any appreciable decomposition to 
SA (Rowland and Riegelman, 1967a). In this experiment, 
35 ml of pooled, heparinized plasma containing fluoride were 


used. The plasma was cooled to 1°, and 25 wg ASA/m1 of 
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plasma were added. The plasma was well mixed, divided into 
four equal portions, rapidly frozen, and stored on dry ice. 
Individual portions were thawed and analyzed for SA after 
various storage periods (Figure 14). Each point on the 
curve represents seven determinations, and the mean and 
Standard deviation about the mean are included. A computer 
drawn regression line was employed to determine the best 
Piao uthe experimental datas 

the Y intercept at zero days storage an Figure 14 
Suggests that approximately 8.5% of the 25 wg ASA is hydro- 
lyzed during the extraction procedure and subsequent handling 
(Aves el62 Gig of SA is» producedsby the decomposition of 
2.12 ug of ASA). This figure is somewhat lower than that 
obtained in the fluoride and cooling experiment. The 
Storage results are expressed in terms of SA production over 
time. sihe halflife of SA formation, and consequently of 
ASA decomposition, is 23.5 days, and the corresponding rate 


uP This rate is much lower than a 


] 


constant is .02949 day 
quOvedmrabewofe 009372 °day atslyeae and at pHi? .4 (Gore, 
Naik, Kildsig, Peck, Smolen and Banker, 1968). 

The results of this experiment suggest that the rate 
of ASA decomposition in plasma is appreciable even when 
stored on dry ice at -79°. Ideally then, plasma samples 


containing ASA should be assayed as soon as possible after 


drawing them to avoid the corrections for ASA decomposition. 
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Figure 14: Effects of Storage on Decomposition of ASA 


(Each point on the curve represents seven determinations 
with standard deviations) 
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IV. Comparison With Another Method 


An experiment was set up to determine the comparative 
reproducibility of this GLC method of analysis with an 
established method. It was desirable that the established 
method be able to estimate both ASA and SA. Many of the 
fluorometric, ultra-violet and colorimetric techniques 
mentioned have this capacity. The method selected (Cotty, 
Zurzola, Beezley and Rodgers, 1965), is a colorimetric 
rerricston™ complexation assay, speciticator itec. SALE oA,.. 
To estimate SA, aliquots of the same sample are hydrolyzed 
and assayed for total salicylic acid (TSA). The difference 
in absorbance of the two aliquots at 540 mu is assumed to 
be due to ASA. 

In this comparison, three lots of pooled heparinized 
human plasma were used. Various amounts of salicylates 
were added to each lot of plasma, and the samples were then 
rapidly ™trozen on dry ice. Portions*of eacn lot were then 
thawed and analyzed by each of the two methods. Standards 
containing known similar quantities of salicylates as the 
test plasma were used to quantitate the results in each 
method. Each figure (Table III) represents the mean of four 
determinations. 

The results in Table II] suggest that the GLC method 
developed here is somewhat more precise for ASA and SA 
determination jointly but less precise for ASA or SA 


estimation alone than is the colorimetric assay. 
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Approximate Results of Assays (yg m1!) 


Concentration 
(ug nig) GLC Method Colorimetric Method 
7 As, ae 1631 


BS: Oieds Ui7.ac 


Table wt bet 


Comparison of GLC Method with Colorimetric Assay 


(Each figure represents mean of four determinations plus 
or minus standard deviation) 
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VE rQiutl trenot Methodology 


The procedure developed here may be briefly 
Summarized as follows. Whole blood samples (7 ml) were 
drawn into evacuated glass tubes containing 50 units of 
heparin tand e25amg eof KE inylOOeuliofmwaterns. The contnibus 
tion of this volume to the total is approximately 1.5%, 
and was ignored throughout. 

The tubes containing the blood were immediately 
placed into an ice bath and cooled to approximately 2°. 
The plasma was then separated by centrifugation, frozen 
quickly on dry ice and stored there until required for 
assay. In some cases "this was up to a year. 

For the analysis, the plasma was slowly thawed at 
room temperature and duplicate 1 ml portions were pipetted 
into separate 15 ml glass stoppered centrifuge tubes. One 


ml of 10% KHSO, solution and 5 ml of chloroform were added 


4 
to each tube. They were then stoppered and agitated 
lengthwise on a reciprocating mechanical shaker for 15 
minutes. The tubes were then centrifuged to separate the 
phases and 4.0 ml of chloroform solution was removed from 
eachitubes ethes interhnalestandards,s ¢BBA(2Zbe0cug)randeEA 
(0.5 ug) were then added to each 4 ml aliquot of chloroform 
solution. These solutions were then carefully evaporated 
One@atm@lasnvevaporator at 20° to dryness. 


The contents of each tube were then reconstituted 


with 100 wl of acetone and then silylated with 100 yl HMDS 
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at room temperature for 50 minutes. 

From 1 to 3 pl of the reaction mixture was then 
chromatographed isothermally at 160° on a column of 3% 
OV-25 on Chromosorb G (regular) 60/80 mesh. 

The areas of the four resultant peaks (BB, DSSA, EA 
and ASA-TMS) were then calculated by triangulation, i.e. 
peak height multiplied by peak width at half height. The 
area ratios of DSSA/BB and ASA-TMS/EA were determined, and 
by reference to previously determined standard extraction 
calibration curves, the amount of SA and ASA in each 1 ml 
plasma sample was extrapolated. 

It should be emphasized that a technique of positive 
controls was used throughout this work, both in the develop- 
ment of the methodology and during the assay of unknowns 
after the procedure had been established. Briefly, this 
involved the addition of known quantities of salicylates 
(usuahhyelO0figSA Rand 51g ASA) ineether to lomiasamples 
of blank pooled plasma. The ether was allowed to evaporate, 
the standards mixed and then assayed along with and in the 
Same manner as the samples of unknown concentrations. This 
provided a check on the mechanics of the procedure as well 
as ontthe rekiabiiity “of tthetcalibration curves: 

Among the obvious criticisms of the technique are 
the following: 

a) Because the procedure recovered only 4 of the original 


5 ml of chloroform, some samples of low concentration 
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may erroneously be assayed to be blank. Quantitative 
recovery of the chioroform Was mot, possible due toa 
variable degree of emulsification at the interface 
between the two phases. Even when corrected for the 
volume difference the single extraction procedure gave 
less than a quantitative recovery (Table I). The single 
extraction was a compromise between quantitative 
recovery and overall analysis time with its implications 
on the suitability of the method for routine use. 
The method assumed that the recovery of salicylates from 
spiked plasma was identical to that of recovery of 
plasma salicylates following oral abeorees one A 
further assumption was that there was no intersubject 
variation in the strength of protein binding of 
Salicylates. 
The control of hydrolysis of ASA between withdrawal of 
the blood and assay was less than ideal. When drawing 
blood samples from a number of patients it is inconven- 
ient to centrifuge each sample and freeze it immediately. 
Rather, in this method a sample was obtained from each 
patient and then all four were centrifuged and frozen. 
It is reasonable to assume that the longer the interval 
between withdrawal of blood and freezing of the plasma, 
the greater was the ASA hydrolysis. 

Storage on dry ice did not prevent the hydrolysis of 


ASA (Figure 4). “During the analytical procedure itself 
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up to 8.5% of the ASA present may be hydrolyzed. 
The method is not applicable to plasma containing 
hemolyzed blood cells. It was found that when 
hemolysis had occurred, many interfering components 
were extracted and chromatographed. Care must be 
taken to ensure the use of a needle of sufficient 
size as to avoid hemolysis. 

The method is somewhat tedious. For example, one 
analyst may assay 20 duplicate plasma samples plus 
controls in 10 hours. Fortunately, the analysis 
may be stopped after the flash evaporation (before 


silylation) if necessary. 
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I. Human Bioavailability Trial 
a) Design of Trial 

Subsequent to the development of the methodology for 
SA and ASA determination in plasma the following study was 
undertaken. The bioavailabilities of various arent of ASA, 
particularly enteric-coated varieties, were investigated, 
with the objective of assisting the selection of a particular 
formulation for routine administration to arthritic 
in-patients at the University of Alberta Hospital. Several 
brands of these tablets were available in Canada, but there 
was a paucity of information regarding their bioavailabilities 
and extremely little literature available concerning their 
comparative bioavailabilities. With these limitations in 


mind it was decided to conduct a trial comparing the in vivo 


bioavailabilities of the following formulations: 


a Aspirin (Bayer L 2095, 5 gr) 


SP 


Novasen (Novapharm L 560, 5 gr) 


(2) 


joe 


) 

) 

) Entrophen (Frosst L 011271, 320 mg) 

) Bufferin (Bristol-Myers L 567, 5 gr) 
) 


Ecotrin (Smith, Kline and French B 8095, 
320 mq) 


€ 


Volunteer arthritic in-patients of both sexes were 
included in the trial. Admission of patients was contingent 
on an adequate renal function as determined by creatinine 
clearance and blood urea nitrogen (BUN) tests, and on the 
absence of other complicating illnesses (i.e, peptic ulcer 


and gastric surgery). Other medication which could interfere 
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with salicylate absorption, plasma binding, metabolism or 
excretion were not permitted. This criterior eliminated 
Such drugs as antacids, intestinal adsorbants, surfactants, 
diuretics, caffeine, ascorbic acid, phenylbutazone and 
coumarin anticoagulants. 

Peior to admission into the*trial, all iforms o¢ 
Salicylate were withdrawn from the patients for a period of 
72 hours to permit complete elimination of salicylate (Levy, 
1965). Throughout the duration of the trial no additional 
Salicylates were permitted. However, because many arthritic 
patients cannot tolerate complete analgesic withdrawal, 
paracetamol and propoxyphene were made available to the 
patients throughout the trial. Neither of these compounds 
has been reported to interfere with the salicylate assays 
or salicylate metabolism (Amsal and Davidson, 1972; Thomas, 
Coldwell, Zeitz and Solomonraj, 1972). 

The trial was blind in that neither the patients nor 
the physician knew which formulation was being administered. 
The order of administration of the various brands was deter- 
mined by reference to a table of random numbers. A code was 
drawn up and held by a disinterested party until completion 
of the trial (Table IV). 

Each of the patients (I-IV) in Table IV was required 
to take each of the five formulations (A - E) one each week, 
in the order 1 - 5. Thus each formulation was taken once by 
each patient and appeared a total of four times in this 


randomized block design. In practice, however, the trial 
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Table IV 


Design of Trial 


was modified to accommodate late patient admissions and 

early discharges from hospital. Four patients were available 
at the commencement of the trial. However, one patient could 
not tolerate salicylate withdrawal and another was discharged 
from hospital. One patient was admitted into hospital and 
Subsequently into the trial in the third week. 

The formulations selected were representative of those 
currently available in Canada. The dose of each preparation 
was 1.95 g ASA (six 5 gr tablets) administered as a single 
dose with water on an empty stomach on the morning of the 
test day. The patients were fasted overnight prior to dosing 
and received no food until noon of the test day (four hours 
after dosing). Significantly lower salicylate levels have 


been reported in non-fasting subjects (Spiers and Malone, 
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1967). 

Trials were conducted on the same day each week for a 
total of five weeks. On the trial days the test dose was 
administered at approximately 8:00 a.m. Whole blood samples 
(7 m1) were drawn at 0, 1, 2, 4, 8 and 24 hours after admin- 
istration. The blood samples were drawn into evacuated tubes 
containing heparin and fluoride as outlined. These were 
cooled on ice, centrifuged and the plasma pipetted off and 
Stored on dry ice until required for analysis. Duplicate 
1 ml portions of plasma were then assayed for SA and ASA 


content. 


b) Plasma Concentrations 

Tables V - VIII represent the plasma concentrations 
of each salicylate in each patient on each formulation. In 
these tables total salicylate is the sum of SA plus ASA 
following molar correction. Both SA and total salicylate 
are included because no corrections were made for ASA 
decomposition during storage. 

The mean levels of each salicylate in all the patients 
on each formulation are depicted in Figures 15 - 19. Figure 
20 compares the mean levels of total salicylate in all the 
patients on each of the five formulations. With the excep- 
tion of the Bufferin curve (Figure 18) each experimental 
point represents the mean of three duplicate determinations 
from three patients. Four duplicate determinations consti- 


tute the points in the Bufferin curve. 
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The data in Figure 20 suggested that there was essen- 
tially no difference in the rate of absorption of Aspirin 
versus Bufferin, although the latter formulation appeared to 
produce slightly higher plasma levels. Bufferin seemed to 
have a shorter half-life than Aspirin but the difference in 
mean plasma total salicylate levels was not found to be 


Statistically significant. 


c) Bioavailability and Disintegration Data 

lable xX expresses the wdata tromipigure cOsin tabular 
form. The Four Hour Availability histogram compares the 
bioavailability of each formulation at four hours with its 
total availability over 24 hours. Four hours was selected 
as the time for comparison as it corresponds to the peak 
plasma levels of most of the formulations. The measure of 
bioavailability used in these studies was the area under the 
respective plasma total salicylate curve (Figure 20). The 
Four Hour histogram indicated that Bufferin was slightly more 
available than Aspirin in four hours. The Twenty-four Hour 
histogram compares the availability of each formulation over 
Z4 houws to) that of Aspirin over=ca=hours.™ Thevdifference 
observed between the Bufferin and Aspirin availability at 
four hours is minimized over 24 hours. 

Numerous papers have appeared in the biopharmaceutical 
literature concerning the correlation of in vitro tests and 
pharmacological availability of various drug preparations. 


The ultimate aim of such studies is the development of a 
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Availability in 24 Hours Compared With AST td 1 


Percent of Total Availability of Each Formulation 


4-Hour Availability* 24-Hour Availability** 


Table 9 


Bioavailability of Various Formulations 
of Acetylsalicylic Acid 
at Four and Twenty-four Hours 
Bioavailability of the preparation in 4 hours expressed 


agra (percent tof total bioavailability observed over 
24 hours 


Bioavailability of each preparation observed over 
24 hours compared to the bioavailability of Aspirin 
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simple in vitro test which will enable the prediction of the 
more complex properties of a drug in a biological system. 
Imiss predictability Would be tuseful for auality control and 
compendial purposes as well. It has been stated that the 
best model of any system is the system itself (Swarbrick, 
1970), but the in vitro tests have obvious advantages in 
terms of cost and manpower. 

It has been shown (Levy, 1964) by a successful corre- 


lation vor inwitrorand inp vivo data thatedissolution is the 


rate-limiting: step,in) the oral absorption of solidudosace 
forms of ASA) Diusuntegration of solid formulations. of ASA 
precedes the dissolution and may interfere with the absorp- 
tion of ASA by delaying the dissolution rate (Levy, 1960). 
With this information concerning bioavailability in 
hand, an in vitro method of bioavailability determination, 


which could be correlated with this in vivo data was sought. 


Ine ins Vitro ttestwsoelected was the USP Disintegrat ton= lest. 


Six tablets of each formulation, from the same lots as used 


. 


in the in vivo determinations, were subjected to the Disin- 


tegration lest, usingieach otf; the two fluids, Simulated 
Geasthic Flurce Tao. (OH Te 2)at and Simulated) Intestinal Fluid, 
T.S. (pH 7.5). The percent availability of each formulation 
in four hours to Aspirin is included with the disintegration 
data in Table X. As expected, none of the enteric-coated 
preparations disintegrated in the Gastric Fluid within two 


hours. It is significant to note that among the enteric- 
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coated preparations there was a correlation of the time 
required to disintegrate in Intestinal Fluid, and the 
percent availability in four hours. Thus Novasen disin- 
tegrated fastest (885 sec) and was most available (31%) 
while Ecotrin was the least available in four hours (7%) 
and required the longest time to disintegrate (1043 sec). 
Numerous authors have previously presented data to support 
a Similar correlation of disintegration and absorption rates 
in healthy human subjects (Levy, 1960; Levy, Leonards and 
Procknall, 1965; Rasmussen, 1968; Gibaldi and Weintraub, 
1970). However, little data is available in the literature 
regarding such a relationship in arthritic patients. 

While rapid disintegration of uncoated ASA tablets 
has been equated with rapid drug absorption, such is not 
always the case. It has been observed in one study (Levy, 
1960) that the faster absorbed formulations of ASA had 
longer disintegration times than did the more slowly 
absorbed products. With enteric-coated products, on the 
other hand, disintegration time may be one of the deter- 
mining factors in absorption (Rasmussen, 1968). 

The half-lives of SA in each formulation were 
calculated using the mean plasma levels of total salicylate 
at 8 and 24 hours from the data in Figure 20. The values 


obtained were: Aspirin, 9.60 hr; Novasen, 6.08 hr; 
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EMmLLOunenaellLeay mes BUT Torin, 4.06 Hrs and se cotrine Ieo.75 
net With the exception of the Ecotrin, this data compares 
favourably with the half-lives quoted earlier in this thesis 
(Brodie, Burns and Weiner, 1959; Swintosky, 1956). 

Both uncoated formulations were absorbed at a much 
higher rate and to a greater extent than were the three 
enteric-coated brands. Among the enterics, Ecotrin and 
Entrophen exhibited a lag period of approximately two hours 
before significant absorption occured, while Novasen showed 
Substantial plasma salicylate levels within two hours. 
Novasen and Entrophen produced comparable plasma salicylate 
levels while Ecotrin resulted in somewhat lower but more 
Sustained plasma salicylate concentrations. 

One method of expressing drug blood levels in terms 
of absorption is to calculate the percent absorbed versus 


time (Wagner and Nelson, 1963) using the following equation: 


RreCere lees MCdte 
rn; * t=0 


Here A. is the amount of drug absorbed from time of adminis- 
tration to time T, V is the apparent volume of distribution, 
C. is the blood level of drug at time T, K is the first order 
rate constant for loss of drug from the volume of distribu- 
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* The exceptionally long mean half-life for Ecotrin is in 
large part due to an unusually long lag phase preceeding 
avsorption ain patirent: LV. 
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time T. Briefly, the method involves calculation of the 
areas under the plasma concentration-time curve (Figure 20) 
in one-hour increments (0-1 hr, 1-2 hr, etc.). These areas 
are multiplied by the appropriate elimination rate constant 
(determined for each formulation) and the product is added 
to the respective plasma level. The resultant values, 
representing plasma levels corrected for excretion, 
progressively increase until an asymptotic value is reached. 
When the individual values are expressed as a percentage 

of the maximum, the results are percent absorbed versus 
various times (Table XI). This method assumes that V and K 
remain constant and that the drug is completely absorbed 


during the period of investigation. 


Entrophen 


Tabae x1 


Percent Absorbed Versus Time 
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ine® resiuitseat onevnye tor Aspirin (69)..22%)" and’ for 
Bufferin (85.1%) agree fairly well with previously published 
data (Levy, 1964) which quotes 68.0% for plain ASA and 84.0% 
for buffered ASA. 

The percent absorbed versus time data suggested that 
among the enteric-coated preparations the rate of absorption 
was Novasen > Entrophen > Ecotrin. Also Bufferin appeared 
to be absorbed somewhat faster than Aspirin. 


VheSvesults soe thesesinevVivoOrandainevitroubioaVaila- 


bility determinations suggested that the most bioavailable 
enteric-coated preparation of the formulations tested was 
Novasen. This preparation had the highest percentage absorp- 
tion versus time, was the most available in four hours, and 
was not subject to an initial lag phase preceding absorption. 
However, it is clear that all three enteric-coated prepara- 
tions, properly used, could give adequate salicylate levels 
in rheumatoid patients. 

However, there are numerous difficulties associated 
with bioavailability trials in humans. First of all, the 
urine pH is expected to affect the excretion rate of free 
Salicylate (Goodman and Gilman, 1970; Levy and Leonards, 
To2lje SASSeCOnd ditticulty ts. che contre lof gastric 
motility. The rate of gastric emptying is expected to 
influence the passage of drugs into the small intestine 
and their subsequent abospriton (Leonards and Levy, 1965). 
This factor is significant in enteric-coated preparations 


which are not absorbed at all from the stomach. The 
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presence of food in the stomach and the volume of water 
with which the drug is taken both affect gastric emptying 
(Hunt, 1963). Thus despite the care taken during the study 
to eliminate these sources of error, the conclusions of 

the study should be regarded in a comparative rather than 


an absolute context. 


Lae SoknieylateuvAsSconpic Acid interactions 
a) Design of Trial 
The reported interaction of ascorbic acid with sali- 
cylate absorption (Staudacher and Miiller, 1969) was selected 
for further investigation in the following study. The 
objectives of the experiment were twofold, namely: 
1) to determine whether ascorbic acid, administered orally, 
affects concommitant salicylate absorption, and 
2) to determine whether acetylsalicylic acid, administered 
Orally, affects the simultaneous oral absorption of 
ascorbic acid. 
The trial was designed as follows: Female New Zealand 
White rabbits of approximately 2.5 kg weight were selected as 
the experimental animals. Rabbits have been reported to have 
a serum ASA hydrolysis rate comparable to the human rate 
(Truitt and Morgan, 1965), and are relatively easy to obtain 
serial blood samples from. They were starved for 24 hours 
prior to dosing and food was withheld for the duration of the 
trial. Water was permitted ad libitum. The animals were 


randomly assigned to receive one of three possible doses: 
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BS S320 -mgeASA 

ar = 2C0eMGuaseorhtc =acid 

ov. 320 MO ASA plus cUO mg ascorbic acid 

The drugs were finely divided and suspended in 1% 
aqueous tragacanth immediately prior to dosing. The final 
concentration of each suspension was such that a 2 ml 
aliquot represented a dose. 

Whole blood samples (2 ml) were obtained at 0, 1, 2, 
4 and 8 hours after administration of the drugs. The blood 
Samples were drawn into syringes containing 10 units of 
heparin and 2.5 mg KF in 15 ul of water (free of preserva- 
tives). This blood was cooled, centrifuged and the plasma 
pipetted off and stored frozen on dry ice until required 
for analysis. The plasma was then thawed and duplicate 
0.3 ml portions were analyzed for salicylate as described 
previously. The amount of ASA found in these samples (both 
following ASA alone as well as after ASA plus ascorbic acid) 
was consistently low and never exceeded 0.5 ug 0.3 Thee 
Because the contribution of ASA to total salicylate was 
insignificant it was ignored in this experiment. Again 
positive controls were employed with each group of unknown 
Samples assayed. 

Plasma ascorbic acid was determined colorimetrically 
by a method which involves reaction with 2,4-dinitropheny]- 
hydrazine (Natelson, 1971). Separate 0.2 ml portions of 


plasma were assayed for ascorbic acid. 
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It was shown that salicylate and acetylsalicylate did 
not interfere with the ascorbic acid assay and conversely, 
ascorbic acid did not interfere with the salicylate assay. 
Ideally, experimental animals should be dosed on a 
mg of drug) per Kg Of -body weignt Dasis. In this trial. 
however, it was decided to dose with a standard weight of 
drug per animal to allow for possible further experimentation 
with enteric-coated preparations, which are available 
commercially only in formulations of 320 and 640 mg of ASA. 
The serial blood samples were drawn from the marginal 
ear veins of the animals... It was observed that as little as 
five samples drawn successfully during a single trial 
damaged these veins to the point that the animals could not 
be used again. Consequently, the rabbits were destroyed 
after a single run and a cross-over feature could not be 
incorporated into this trial. 
In view of these two limitations the following 
corrections were made: 
ie Eachsopserved Piasma Salicylacve level in groups i andi3 
was corrected on a weight basis to correspond to that 
expected for a 2.5 kg animal. This 18 justified theo- 
retically at least, in that a small animal would be 
expected to have a higher plasma level of a drug than 
would a large animal. 

2. The initial (zero hour) ascorbic acid levels in groups 
2 and 3 were subtracted from the corresponding 1, 2, 4 


and 8 hour ascorbic acid levels. The resultant figures 
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were then corrected, again on a weight basis to corres- 


pond™to~that expected for a 295 kg animal’. 


b) Plasma Salicylate Concentrations 

Table XII represents the corrected plasma concentra- 
LIONS=O Ff —sal-reyt1eracid-in-the-four=aniinats whitch received 
ASA alone;) Similarly, Table Xlllidepicts the SA plasma 
levels in the four animals which received ASA plus ascorbic 
acid. The mean salicylate concentrations in these two test 


groups are compared in Figure 2l. 


c) Plasma Ascorbic Acid Concentrations 

The corrected plasma ascorbic acid Jevels of the s1x 
animals which received ascorbic acid alone are given in 
Table XIV. Table XV represents the ascorbic acid levels of 
the seven rabbits which received ascorbic acid plus ASA. 
A comparison of the mean ascorbic acid levels of these two 


Groups as Givennins Figure 22. 


de StatisticalVEvaluation; of Sluteraction 

Inspection of Figure 21 suggested the possibility 
that the presence of ascorbic acid enhances the oral absorp- 
tion of sanicylate, Iiese Weans, mat |; cy 4 and 6 hours 
were compared statistically by Students 't' test. The 
vValuessopratnedewere = leloutlanyieelee, (2onr), 1.17 4 hr) 
and 0.93 (8_hr).. With six degrees of freedom, .the value of 
t required for significance (p=.05) is 2.45. Consequently, 


none of the apparent differences between the four pairs of 
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Corrected Plasma Salicylate Levels After 320 mg ASA 
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Table XV 


Corrected Plasma Ascorbic. Acid Levels 
After 200 mg Ascorbic Acid Plus 320 mg, ASA 
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means was statistically significant. Thus whilst a consis- 
tent difference was observed, it was not statistically 
Significant. Clearly more animals are needed. These 
results are interpreted as evidence to suggest that the 
administration of ascorbic acid had no effect on the concom- 
mitant absorption of salicylate, at least in this experiment. 
Figure 22 suggested that the presence of ASA produced 
an increase in the total absorption of ascorbic acid. 
Students ‘t' test was also applied to these means, and the 
resultant values of t were: 1.56 41 hr). 0.8) {2 hr) «ke CS8 
(4 hr) and 2.52 (8 hr). The minimal value of t required for 
Significance (p=.05) for 11 degrees of freedom is 2.20. 
Consequently, the pairs of means at 1, 2 and 4 hours were 
not statistically different, while the pair at 8 hours showed 
a Significant difference. The results of this experiment 
Suggested that ASA did not produce a statistically signifi- 
cant increase in the absorption of ascorbic acid. The 
observed difference at 8 hours occurred after the absorptive 
phase was completed. One explanation of the observed 
difference is that ascorbic acid and salicylic acid compete 
for renal excretion. However, a more adequate explanation 
of the difference may be related to fluctuations of urinary 
pH. For example, the mean rate of salicylate clearance is 
approximately four times as great at pH 8.0 than at pH 6.0 
(Goodman and Gilman, 1970). A decrease in urinary pH from 


pH 6.5 to 5.5°in' a patient on a dosage regimen designed to 
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produce approximately 250 yg salicylate mea age likely to 
produce plasma concentrations twice as high (Levy and 
Leonards, 1971). Unfortunately, urinary pH was not 
controlled or monitored in this trial. 

The results obtained in this rabbit trial disagree 
with those obtained in humans (Staudacher and Miiller, 1969). 
Several factors may be involved in this discrepancy. First 
of all, it has been reported that the stomachs of New 
Zealand White rabbits which have been starved for 24 hours 
are nearly as full as those of unfasted rabbits, and that 
Significant material remained in the stomachs after one week 
of fasting (Chiou, Riegelman and Amberg, 1969). It has 
therefore been concluded that rabbits' stomachs emptied very 
Slowly in the fasted state. Both the volume and the nature 
of these stomach contents have obvious implications on 
concommitant drug absorption. 

A second factor to consider is that of different 
formulations used in the human trial. ASA was administered 
in plain tablets while the combination tablets of ascorbic 
acid and acetylsalicylic acid were described as containing 
‘water-soluble acetylsalicylic acid'. An increase in the 
rate of dissolution of a drug in the gastrointestinal fluids 
would be anticipated to result in faster absorption and 


hugher anrtial plasma levels: 


[a ; 
7 > ; — 


of YPsait zt! “fm sistworler py das Fosamrxangys 2 
ons yves igi 26 Sotwe elo kisysnel noo” jee 

Jom 260 ay yreniy .xistenbs 107 ov (TVeT mi a 

- stot erdz ai bewosT TON Wo bat tend 03 

raype2th fearful sidden eft vr bsatarde sateen oT ; ; 
(@aet (asf Tlh bis VS1>6huss2) «ili Af bontadda sinds azt 
12764 yorensipeth etid nt beviovmr 84 Vem Hiedeyt feravee 
yOH 70 Sidemoie Sas Tene hSivogsy fss0 ced If aor ro 

eyuen BS 10F beyiele osac ian tbo Flv es tdeen srr ieee 
j6a)3 brie -etitdan bstee6tn to scott 25 (fat ze etviien lt 16 
$550. SAO I9ITE 2 2nMOJ e°Sn32 a bawigmnes ‘olasdom fueart tag! a 
6 gi — 440607. ps samh bie Tami sosih sora} entrees ae 

youl bufdams enosaote ebfdden - Fe3 webul atop aesd syotsrods 
squden aac. tne sini: fy ios) ged steer boteg7 ont nt ytwol : 
no 2notlegifqmt euctvilo sve einadies fommore: seodd 10 
-“ortgiozds gZwth Sous hmmo> o> 

Pnessitib: to dani te! sebPencs Py idasa bnagee A a 
bavesernimbe 2zew AZA Yistad nemur ani ini heeu enorel art 
ofdveoes th z2isided noragesamod oft. af tilw etafdsd niet ut 
gnintesads 26 hodiigect naw Wide avINanectysson: Bae, F368 


en) nat ahet" sot A “tytea' ITPNOT Tae IIS96 aisuresaa 


2hru ht rawi4eazal Beep ons toh gah & ‘ qursuloze¥s Yo od6 
: 
bas hol $ganeds vetent at vines 5" oF baveatatane 26 ote 
G 7 7 7 7 


Yio b > <2fovel emery rai sali 


REFERENCES 


-92 


7 ; 7 
? es 4 - _ 
: ‘i qi ; ia 
- ; : 7 - - 
- : 


EBLEL EEL 


se 


Alpens#E.Lt.,GMandel,  HaGS) RodwetiiseViWeaand 
Smith, P.K. (1951), The metabolism of Cl4 carboxyl 
Salicylic acid in the dog and in man, J. Pharmac. 
expreether...102;¢150=155. 


Amsel; L.P..and Davidson, C. (1972), Simultaneous 
metabolism of aspirin and acetaminophen in man, 
Lreeeoharme seus ,Poleera74-i4az5. 


AmsetpeieP. and Levy, G.°(1970), Effect of ethanol 
on the conjugation of benzoate and salicylate with 
glycine intmange Proc. SocavexpemBiol, Med-{1735; 
813-816. 


pedTordsCss CUMMINGS sens ike andeMariin. aBake 8 (1965 )y 
A kinetic study of the elimination of salicylate in 
mansebre=J¢ePharmac:ss 245r4a18=43 18 


Blakely, E.R. (1966), Gas chromatography of phenolic 
dcidsseAnadlyt.. Brochemese 155. 850-3548 


Blythe eR Hee Grass<4G.Ms and MacDoneii {701 De, (1959) ; 
The formulation and evaluation of enteric-coated 
asvirdnetablets, Am. J. Pharms, I31, 206-216. 


Boreham, ADER.wandiMartin,¥8.Kt9%.1969),) Thenkinetics 
ofvelaminationgofasalicydiceacide ands ther formation 
OfTegentwsicnacids Brigd.)Phaymac.; 37, 294-300. 


Brodwe, B.B.  #Burnséid.J.hand) WeinergeMer( 1959) 4 
Metabolism of drugs in subjects with Laennec's 
Civenosissenednakexpm, 1, 290-292s 


Brodie, BoB. .wUdenfriend,8Sm. and?GoburneeAck .7¢1944) , 
Therdeterminatiaon of Salicyliceacid in plasma) 
JRTPharnac: expe thers, p805, 114-4172 


Burkhard, C.A. (1957), Trimethylsilyl derivatives of 
Hhydvoxys avotiat 1 Geuciase dee org. aChemigeecy 592-593. 


Burston, G.R. (1969), A simple method of estimating 
pliasma Salicylate levels; Scot. med. J:. 14; 50-56. 


Car lose Pe ye CambososemNoMetebeeney, Gre .eandvsmaith, P.K: 
(1955), Plasma levels after the administration of 
acetylsalicylic acid and N-acetyl-p-aminophenol in 
different forms to human subjects, J. Am. pharm. Ass., 
44, 396-399. 


Champron, G.De, Paulus HVEs. Mongan,: E.5 Okun, Re, 
Pearson, C.M. and Sarkissian, E. (1972), The effect 
of aspirin on serum indomethacin, Clin. Pharmac. 
Therege 135 8238922444 


~ . tke i . 7 
- . m oi : 
ih 7 7 _ a. 


_ > ; 
bie. WV , i fawboa ssilet Fabre .. a net 
: Iyxod4seo bts Yo mer Fe 7 5 se 1d hme 
.samvety ob. sasm af bag pa Sta nt bros olivaitse 
eci-aer iil onae? qxa 


a rz) 

—- awesnnd twat2 , (S080) .J > ieebived bas 24.1 ,TstmA «S 
ew at estocrtmessos bins nfatgzs Yo uel fadesen 
EVOT-bfah Td . hae. i “3a ‘i 

s we 

fensiie te Tostta .(OV8l)..o ves Gas .9.d farms at 
Atiw Stutysi fae Sie Sfeoxnsd To norzapyinos sty no 
scet ,-69M oToté. .aes .206c S94 een ar oniayle 
.of8-8f 

sae 

(8981) 38 sntiyeli bee 6,8 .2ertned 7 pone 
hi Gieltyorine Jo woriewintis say We ybure pitenra A 
.FEb-BIe .O7 | .oBMVEn . 14 nee 


stfadana ta Vigenpotemoris cod ~esel) .A.4 ylodera 42 
ReE-WeE (2f.. smstasorn Ful enn +2bios 


~(82@f) .de0 ,ffsnosen bie ..Ace pezene , ih <adsyla ie 
hed sae 42s ins +O HOTds af pvea bok worialiumye? sat 
a4 S005 CEI” » -m4pn4S bs a -etet ass histqes - 

sGirgara 9nT , (2301) ace ntdaew bns . 8-0 et ie ke 
hai temiot Sit) bis bios xhtvartn2 76 wortantat ls 7 
yOOE-BROS VE . caemeend 6 .48, 6746 atetinag to ° 
_ 


(OST) 4 (tenten bWA of. .2nage yh, a pincte 
2* a6Riaet (tiW eigetdve of spu7th Wo wetindsteM 
| @SBS-ORS” 212. qa8 -saliet ehamaerty 6 


o(PRET) 24.4 prvedod bnb se sonar vinsDt 8.8 ,c%bowd | € 
~Gwzata nf bros HET VOT be? Vo hoftecniavatsbh sat 7 

os NET =PPP OG 2 gdT gx DemiBda '.b = 
to 29vifevrrvsh Re ee MABCP) Aad ‘siutandn Ce 
TldH-Sle! iS: SA voto, Db sabioe ert eMo3s wae oo 


Sy Tt 
7 ae cae 

ALT Lime re 73.8 eyeaaed ,. zi 2ondmed =" oT 
I9 anteasaety rabe ott er eget coment 4. (aeet , 7 

Hi Jomstqonime-q-t\io0s-h bas thos otiyottpe us at 
,ceek inn =? -L e2779EdUr Hamu os emo? Jno: ib 


ani temtses Fo badTen Shani z of (baer) hia notes 
+te-cc .8! «.& bem .daad . 2fayvel et styat fee emeet q 
ae 


. " _ on - rr we  « RRE-a8 De ~ 
a a. ; <n the. vom, .W .20Tits 
haste jai T , (88 ay oe atte i 
, <7 26a ay att : 


/ 


avs ee 
‘i, 7 oe ean 


14. 


kon 


16s 


ie 


Ree 


PAE 


a. 


CHO) 


a, 


24. 


ate 


Aas, 


-94 


Chatten, L.G., ed. (1969), Pharmaceutical Chemistry, 
vol. 2, Instrumental Techniques, New York, Dekker. 


Chiou, Webs, GRregelmanieS*eandeAmberg, JFRE (1969)% 
Complications in using rabbits for the study of oral 
absonption. echem. phar. Bulle. Tokyo, 17,e2l70-2l73- 


Choby, E.G. and Neuworth, M.B. (1966), Trimethylsilyl 
derivativestofisalicylic acid, d@@orge tihem: 5 S31} 
632-634. 


Uideebe., Detportes JcPemandsdaminetw hre (1o71). 
Méthode rapide de dosage des salicylates dans la 
sangseeRharm., ActasHelvesea6,7737-741% 


CYark> 5RelLaPandvlasagnasyel: (965); eHow reliable .are 
enterte=coated aspirin preparations’, Clin. Pharmac. 
Inerwe. 6. 900-07 4; 


Clayton; AsWés ‘and iiitlews, ARSEFO(1966) 2.Direct 
spectrophotometric determination of salicylic acid, 
acetylsalicylic acid, salicylamide, caffeine, and 
phenacetin in tablets or powders, Jnl pharm. Sci., 
55, 404-407. 


GCookeyeA. RF and @Huntyrd NS tCNI69) Se eRevationsiip 
between pH and absorption of acetylsalicylic from 
tire Ms tomachs; =Gut.y “107 °77-78. 


Cooke, A.R. and Hunt, J.N. (1970), Absorption of 
acetylsalicylic acid from unbuffered and buffered 
Gasthresconvcents, Am. J. dig. Disia. 15, 95-102. 


Cotty, V.F. and Ederma, H.M. (1966), Method for the 
direct measurement of acetylsalicylic acid in human 
btood,s SJn Wipharms Sict FHE55.F 837-8593 


Cotty, Vo. 2uUrzola, F., Beezleyg 1. and*koagers ..A. 
(1965), Blood levels of aspirin following the 
ingestion of commercial aspirin-containing tablets 
by humans, Jnl pharm. Sci., 54, 868. 


Crippen, R.D. and Freimuth, H.C. (1964), Determination 
of aspirin by gas chromatography, Analyt. Chem., 
SG SA S25": 


Cummings Aeu.. and King, M.-L. (1966), Urinary 
excretion of acetylsalicylic acid in man, Nature, 
209, 620-621. 


Gunning Alt, Marit tine ce tk).? cand Renton, (RY 066) , 
The elimination of salicylic acid in man: Serum 
concentrations and urinary excretion rates, Br. J. 
Pharmac., 26, 461-467. 


seas) 3 a} in Caradon, a viet, 


2 
ary , Tht meng .esd2 note 


(eso To (bp 
i 
ve ‘ Petia ‘bas aa ane 


. EX TS<08 
f + digmintT ,{d5e1 
bEa- £3 


¢.%/ t= mena p10 av 
Ae s7eniasl bos 19. G7 S9reqhsOd .-2 5 
zotsfyvotlsz 2sb net 26b 86 Sbiqst sbodxaM 
t88-Te (dh , wish es3A ved? .ense 


~ar6t3 


et ESOP) 
sf 8b 


otf sideiioy Wo ,(ede)) .4 .engeeed Ais .i 8 


pbmety ont ts / fetoiteseqord Atyiges: Bas e65- -2i99n3 
OXE-S8C .3 5 aenT 
rash , (aged) 24 ,éverniy sea .W.A ,~nosyeld 


ebfos atiystfo2e Ya nelszantmy91sh ol ttemos ongqorsosqe 
bie .sotattes . sates dat tee bios stivotisziyteos 


ta2 TENG fal. ,2"7ebwoq ~o 2ialdat «¥ aftesensnta 
 0h-e0a 5627 
gifznotietos A230h) WG ioe bas 22.4 eetood 


rout oi fyarfe2Tysaon To nokiquaeds baie HG noauysd 
SBV-S¥. 0% ..308 ,dsamotv2 oft 


to AorTGatcedh -(OVRF).. te L ,fnN bite A.A -etood 
beyattud bab baisttudny MOAT Ofoe atiesitselyseos 
SOF-e2 ef ,. ett pre .b .WA eetasinas sias2eep 


ody 2G? bonjanm ,{(ade)) .4.H .soeba bes .4e¥ . ¥tseoF 
nemurt nf Broan. 1i feo; laziysass *O gnersiwesem J597tb 
-P€S-VE8 .62 ..f92 .wieng fat -baotd 


A ams bof bis, .7.,vafsest...49 seforwuS. 47309 
i pniwoliot Hfarges to zlavel us l2aet) 

ofstdat “pntaisinga-niviges {stavammo> Yo anttzeopat 
1888 -R@ ~.Fa2 .mvadq Tith eboamaa ee 


nai rentasted (OSE T) 202K) atwetse? bas 0.4 ,asagtso 
«msn aor aealantanhe: 26D “ Ete at 


radio 3a 
—_ anit = 


) [2m contd brs. . ta 
acts Taitastiaeteyenn Yo ame 


a Ce 


« oe? 8 
a 


ieabeuies |) 
ome. 7 


BF 
a 
eT 7 
. - 
0S a 
> 
‘18 
. i! 

FS ; 

he iW 
a 
8 = 
es. ad 

ye 

a 


bs 
~” 


«< 1s 


= 


Cae 


20": 


rae ie 


30". 


3a. 


evan 


89. 


34. 


cae 


36. 


=95 


Dechene ME. BRS Booth, bt. Hanan@etaughey ,WM:019K1969)., 
Gas chromatographic analysis of acetylsalicylic acid, 
phenacetin, caffeine and codeine in APC and codeine 
tablets, J. Pharm. Pharmac... 21, 678-680. 


Denkos €cWkoill961),.eSerpmesalicylate Jevels:in 
arthritisypatients receiving) acqtylsalicylic acid, 
bUTTeredjacetyisalicylic acid, and acetylsalicylic 
acid with p-aminobenzoic acid, Arch. interam. 
Rheumatol] .§ 4575-217; 


DOM SO sue. lee (bd DS.4 Nl scare Da bce Maes Legn & , 

Sugita, E.T. and Swintosky, J.V. (1969), Drug Absorp- 
tiongizgqAneinesatuy rat- gut techniques yielding 
reclistaceabsorpticon ratesiaunilPepharmtnocisymosc, 
1196-1200. 


DOTUNS V0.9 ols) Tans. Gelling Bl heups. Ns) ania 
Diamond. €LA H1I969)GODrughAbsorptionmlids peEffect of 
fFastingron ihtestinal drug absorption, -Jhi. pharm. 
Sceiese58, 1200-1202. 


FogdenA.G-A SausinssePred.* and, Sinithsong J. Rean1970)+ 
The determination of paracetamol and aspirin in 
mixtures by non-aqueous potentiometric titrimetry 

or by ultraviolet spectrophotometry, Analytica 

chim. Actas, 49%, 642-345- 


Furman, M. and Finberg, L. (1967), A rapid method 
forsestimeationgotesalicyillatemin, serum, verPediak.., 
70%.287-289 . 


Gibaldi, M. and Weintraub, H. (1970), Quantitative 
correlation of absorption and in vitro dissolution 
kinetics of aspirin from several dosage forms, 

dis phar: BS Cile, 095 Wie 5=7 20%, 


Goodman, &.Strand GidmanghAwws CdS rail9/70) athe 
Pharmacological Basis of Therapeutics, 4th Ed., 
Toronto, Macmillan. 


Gore .ahe ene Naik ak. Bos iid dsigg Dw. ..aPeckgeG.&.., 
Smolen, V.F. and Banker, G.S. (1968), Significance 
ofecaili cy lichacidesublimationjyin, stabajlady| testing 
of aspirin-containing solids, Jnl pharm. Sci., 
57 .FreSOEN 857 . 


Goto... Se, MakatiatsSuse R. 5851 bass MS anded GQucmigt S« 
(1968), Effect of combination of pharmaceuticals 
on gastrointestinal absorption I. Combination of 
caffeine with a few absorbable drugs, Chem. pharm. 
Bul eee POKVO5—0)1 68 32-3076 


" 


chise shisiter ease to zhee tie 
5 3 


. - | : Soa 
re n > Ve i = 
: i 


beet), ib. uy mittee tik 


svionos bine +40 nt gabebour Fuis i ti) . 
One-Atd | We TS nett =. 


nf gisvel apefyot ine oe (Paet) WLI otaad 
,btas oti yaoi Paelyooon- entvieosy alee etsindins 
aityartsstyseae bas. bho LEE SE hate cy tod 
minaseal .tovA fos Siesasdenina-q dete Biss ~ 

whi=t Py i esemneey, 


eal d eteeht7G), AW sequal ire Ait jotety tau as 
-qvo2zdA. ging ,(eabl}.. vob. -vivooniwe tine 1.3 .8t oud 
pnint(sty aipicdoss Jip Tax wste at cA .7 aOFy ~ | 

rB@ ¢.foc -ietq Tab ,2a%6n, sot reroeds stz2tiee: : 
OOS! -aehT. os 


Yas . 1A ,2qunite 4 .H.8 tet vy. e% retuiea. 0 

ie J0stti- .LT noisqiaedA puw! /leeetd. oi -biroms hd . 
wag: [ah HMOTIGTT ERS putb foetiizestet no poise? 7 
OS) -OOSF «Be lit 


/AOVOT) -ALC . amet ime Bae 6.9 , eet eee? . B.A soppt >. 
tr ntntgesi hrs fomssenaeryé5 Te HOtImnimy sd ab. ont 

Vis pate fe Jiri smeitqsiad awosice-on vd sanatnte in 

>4Fath ~\AiomMOToAHoCTISege Juleiveqify vd 40. 

SRE-CRE CA LetoA mista” 


boven Wtasy A »OT@Er) cd .otadei bps .# , ween bp 
-sTERReY .U .muse2 HF Sint\yOI Ise To natiamijes 107 
BSS-595. | 


SVidssizdsud , (O81) 4, dusiatnteh bus A , ibisute - 
oofftufgeerbd gaftiv at bas aofiqyceca la. quttslatyes 

.2me0r spezob fsisyse wey evi hgee Ta 22tisnt 
‘O3%=ast .He .. toe Se a 


2H) of OCOL) > .eha St has id. 4 _ tations ne 
-:b9 13S ,exTabagarsal to Steph, fastpotonamied9 - 
661 f imoah — : 


e a .#as4 -eOed , FSB00S, 2 -f 2 etter oi ¥.A ‘ ma a ee 
Sspunvh rue BLL GnaeT +o.8 .Veknel bos .F.Y¥. wry {> a 
entices Vibiidets at Anttami des: 6) 35 atiyottse-ta- 
= red g tat eebtice oninitnrnogeatsiaes 
ta 81-02 


‘oa al Bae .M pordiate ie juedtiund 7 
at - mile: tate ta 2871 


at se rae) p rt me A | 
n) ARESBEE ga 
: 2 ei i ~~ 


f) 


S7* 


3G: 


39 


40. 


4\. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


=96 


Grotros MeseDIksSteins son sand suimans  f.Gr' «1965 )5 
Additive and augmentative synergism between analgesic 
drugs, Archs. int. Pharmacodyn. Ther., 155, 365-372. 


Guttman, D.E. and Salomon, G.W. (1969), Comparison 
of the methods for the determination of salicylic 
acideinepuirered aspirin* tablets. Jini pharm, Sci. , 
58, 120=l225 


Heftmann, E. (1961), Chromatography, New York, 
Reinhold, 


Hotrtnany A. de-and Mitcne 1 T° Sher. 9 (1963). "Gas 
chromatographic analysis of acetylsalicylic acid, 
acetophenetidin, and caffeine mixture in pharma- 
eeutical tablet formulations, Unl “pharm. Sci., 
525 305-306. 


Hogben, C.A.M. (1960), The first common pathway, 
rednw Proc. redn. “Alle -SOCS; expe *BTal. .* 19, 
864-869. 


HOgbems “CeAeh.se*onankers Loe. Tocco, DiJ=* and 
Brodie, B.B. (1957), Absorption of drugs from the 
Stomach. II. The human, J. Pharmac. exp. Ther., 
120, 540-545. 

HOgDene abe A. Mess Tocco. USINy Brodie, B.Bs “and 


Shanker, at S. (1959), On the mechanism of intestinal 
EDSOrPLION OT “drugs, +c. Pharmacy exp.*iner.s 125, 
279-282. 


HOllister, bob. and Kanter, S.ls. (1964). Studies of 
delayed-action medication. IV. Salicylates, 
CTintePpnarmace Thery, 6, *5- 11. 


Horii, Z., Makita, M., Takeda, I., Tamura, Y. and 
Ohnishi, Y. (1965), Gas chromatography of aromatic 
devas, cheme pharm, BUTT. , TOKYO, 13, 630-630. 


Hunt, J.N. (1963), Gastric emptying in relation to 
drug tabsorptrons cA ose O'G. "D1S., Os. CO0-O94, 


Jeremy, R. and Towson, J. (1970), Interaction 
between aspirin and indomethacin in the treatment 
Orearneumatola arenrietns > Meds va AuUSte. 2," 127-129. 


Woness Me and Thatcher, keEe (1951) FeSpectropnoto- 
metric determination of aspirin, phenacetin, and 
caffeine in mixtures, Analyt. Chem., 23, 957-960. 


= 


: 
rt a 
. - ft a 6 
| Ve . 


See oes cans 2 ig 

avicue neswi sl #2 e1eAy ¥ 

 mERG-e8E . fet, ‘air? Oe Ta) ee 
a 

hotrieqnod ,{eaet). not aia Rebus 30 laieiiel Bt 


offystisa Yo. coitauriiatied S47 467 ebodteon: att to 7 
» fae intadg Tab anatdsd aim iqes oe ab bios 


SEr-OST <6 
me 
avo wah . vias teal snot 4 C1eery 23 -anewa tet = 
hs bi 3m 
aso .(@a07) . 1.  .ffsnodih was .t.A newton > oe 
(bias st iVShMazivtess a hex tons a} dosteossmors : 
-sm"edg nf esutsfor safattso bie ,athtiseedqosess 
ty [inb ,2nettslunto? tefdeF [so haue2 


eel QQ <A BH 


BOE-208 eae 


Newhlsa daiiay 224"? SAT. (BET) .8.A4.9 ~nedoah at 
,ef »- fora .qes. epee uml .obe? .309d9 pebed 
| . Raa - “80S - 


bas. .6.0,0990T | sévd _.%Senbne 4. A239 sagen” <8 
23 wmv? zouib Yo noizqapedA G (SLOT) aud .etbora 
<sant .qus Semseds .l JAgwud 4) tt :ddemene 
, dhe Oba OST 
. a. 
ons .¢.a@ ,sfbos8 .,b.0 ,a930T ..4.4.3 .nedpon res 
(enigestnt Yo wefesdosm oA ab .¢e@@el} 2.4 yesdnsie a 
PST y ovent. .qe6 -36076RH 4 , 2ouab to notiqioeda i ; 


$63- ici a 


TG 2etpwi?..(bGOL) 21.2 .9saeN bab .32.c asehihow RR 
/estetvatise .Vi vnelsecibom neetseshaysisbh 7 
the 3 ~. Ten? .ostmshd owtl3 


ane oY ~evumet.,.I° sepsust , 4 .62 1 ABM 5 ybkxe $ ah 
afismors 70. Ydasyposemevd> 259 .1dBOr) .¥ . tHhetndd 
HE8-d68. 0% ,oydet . offua’ owyane ome waeine/ 


o3° nortslas ik PUiYiqne atitese . (feel) WW b pes +0? 
WES 6BR (8° 4.270, pb 0 A cel qroeds. Db 


+ 
ne tdoetstal efOS2D) abe  aoewsT bas - eneyat ay: 
Imsmteent 902 nf. atosd nobel Sie i ; 


Be eS ecdSuh LL .bav (PHI Ne EoemuEr 3 


-otsiigonsaamz otTBOE) 2am au 


Abie Antate Io norPsh 
O9B-fRE set 2 M8) .tyTenl ae 


d 


49. 


30. 


Sly 


pa. 


wae 


54. 


oe 


See 


Shes 


oO. 


lie 


60. 


Ge 


-97 


Kanters-S@le and'Horbalyy-W-R: (1971) ,° Direct 
HeasureMmentsoteaspirins Sunl= pharm scl. .@60% 
1898-1900. 


Keller, W.J. (1947), A rapid method for the deter- 
mination of salicylates in serum or plasma, Am. J. 
Chin. @ratheeet74 415-4974 


Lange, W.E. and Bell, S.E. (1966), Fluorometric 
determination of acetylsalicylic acid and salicylic 
acia=in=bloods "anil +» pharm: Sci. 7°55; 386-389: 


beex ekK@he,* Thomokinses&, and Spencers '’M.R:" (1968) 3 
Separation oT acety ]Salileyii¢e" acia'and*salicy tic 
acid by=sephadex “gel*Filtration; JAI? * Pharm? “Sei. , 
57% 1240-1242. 


Leonards, J.R. (1963), The influence of solubility 
on thesrate of gastrointestinal’ absorption’ of 
aspirin, -€lint Pharmac?’ Ther. 7) 49e476-479:% 


Leonards, J.R. and Levy, G. (1965), Absorption and 
Hetamolism Of saspirin administered in enteric-coated 
tablets, Je°Am: med, -Ass:5 21934 99-1049 


Levine, J. and Weber, J.D. (1968), Determination of 
free salicylic acid in buffered aspirin tablets, 
Cnlewpiarn. OCts, 5747631 =663% 


Levy, G. (1960), Comparison of dissolution and 
absorption rates of different commercial aspirin 
tab recs, viil«=Pharits Sets, 505-338-392: 


Levy, G. (1964), Effect of dosage form on drug 
absorption. A frequent variable in clinical 
pharmacology, Arche ints Pharmacodyna fher.;'T52 5 
59-67. 


Levy, G. (1965), Pharmacokinetics of salicylate 
Shiminatpon an mane Ini” sharin, sci., 545-959-967. 


Levy, G. (1965a), Salicylurate formation - demonstration 
of Michaelis-Menten kinetics in man, Jnl pharm. Sci., 


54, 496. 


levy saGseandsAnse le Ler. (1966)5/ Kinetics of 
competitive inhibition of salicylic acid conjugation 


with alycine*in man, Biochem? +Pharmac., -15¥ 1035-1038. 


Levy, G. and Hollister, L.E. (1964), Inter- and 
intrasubject variations in drug absorption kinetics, 
Jnl pharm. Sci., 53, 1446-1452. 


: os ky - 
_ Ty, Phe @ an We 
saentd Waren! Ra ev tad ee 


, 98 yy foe -mrarg tnt an to Jn 
a 


ww 94386 a(t 7G? -bensam biqay A “seat. GW sat fa! 
G 20h .etzeic 10 muysacet safety tia: + nt al 
-VPR-ctB UTE died "Gene 


ningemorsuly ,(@b2)) -Te2-, Tea bre .7.8 wena. Aa : 
2tiverTge bas bing ar iyoticelyiege ¥6 nottsatatstsb a 


#8f<a8€..22°..tae Jnvetq Ent sbootd at Bras 


. (860, ) 4. -roorso?. une . i sent agaadT .. Nid gee. 
ThiVot sects -btoe ot ubhte st yters to colaevagee. 
rae cavede (Al nat oe lt? Teo Mab6iger Vo-Bras- 

j .Sesi- One! ate 


7 


vitligufoe to saneuitnt att»,(favl) Wt. ebveneal) £8 
Oo ‘HoT IUyOees rapt gaat ones ap io of 69 gil? no , 
20b=<alb» Ah . 9S) losPrigdd on fh otiiges U 

bns voltgioeds. ,(2ee') 3 cyvel bap .W.4 ,ebvengsd he 
beieoo-s liana ni hsves sans Atsages Fa aeiiodsesam — fey 


-AO-89 Geb ,, 260 .09m mA .b ,2tetder ; 
7To ne rtaenrnvs7st (geet) 4.6 .»9¢@3W bre atin 
r@J9/ 467 TEThQ26 DeTStiwd ai Brae SPlyatise seqt 


€t9-f€o AN\2 .cto2 “ved lat 7 


Dre igs haba 5 to wocis :EqQmow (aap) ae] “ved a8 
Att ry ps f ~ Stites tqavet? ae tO Tre aoliquoeds. 


9b eaBae 2. joe pede Tab ,ezatdad ms 
pUqI> Ac KNOT SpRedb Foe Dosettd ~( heel) as suv. v2 


. 
featedfio wi stdsrasy Inouneq? A -leteqioeds 7 ; 

ciel —.vVe8aT> LAvhosehtEn . dnt —ow .ypoT or amen Ty 
ld Be 


Seiiative Ya 2shiani pooh ea beaver) sa eo : 
VOR-Gee . be. t3e eng ~ Tab nee ne notzenharts 


p 
vs 
; 
HG / Tey tensuah ~ optsenist sfomiveting (seeker) . roe cea 

» : 
«ide veda . Fat <nen oy frijonry nap ree* zi tendo 


: i “Be 4 


té safari otaRE) Sd: Doank oe he 
Ktitepe_ves bigs oF rer To std iutiia —-eviate oq 93 


“BEST “Ee eel »-JbmtoN A -Oahagts hem ab antay ig. 
sit Fon in a ‘ ved 


. 2otaan ela oe is Jeliev. ' 


oe _ Fi “abe yee " ‘tee ee "; & 
A en © 0 | a! 
a A, 3) 


Ode. 


63. 


64. 


657. 


66. 


67. 


66. 


lakes 5 


Oe 


INE 


he 


98 


Bevis nG.gand Ho lldsterns lak. u( 19648) .ehal lunesof 
USP disintegration test to assess physiologic 
availability of enteric-coated tablets, N.Y. State 
J. Med... 64, 3002, 3005. 


bevvesG wand Hollister, esaban\ 1964b).4 Variation aim 
rate .O7f (Salicylate eliminatitonsby«hnumans, Br. Med. J., 
2, 286-288. 


bevy Gn andreLleonards «J «Ry (197k) 4 Unine pH cand 
SA Wie Laleathenapys oly cAMs .meds psoas ec) 2480). 


kevivaeG.. Leonards, J.R. and Procknall, J.A. (1965), 
Development of in vitro dissolution tests which 
correlate quantitatively with dissolution rate- 
LLIN GasdruG tabDSOnDtlOhein Man, wit sipnanm. Sci... 
O45 A IOS 22. 


BeViVes eG ISULCN kyid., len pahid, Ams], lear. GhOJ2), 

Limited capacity for salicyl phenolic glucuronide 
formation and its effect on the kinetics of salicylate 
Quilina Gon ae lin. Pharmac s «Wier. wala, “2564268 : 


Lin, S. (1967), Differentiating nonaqueous titration 
Of Sa licy. lie cacid «and vacetylsaliey bic -acid «combination, 
Cie Pee DIVeNiui woiCt we eG. lwo Oh 


Littlewood, A.B. (1970), Gas chromatography. 
Principles, techniques, and applications, 2nd. Ed., 
London, Academic Press. 


Mallick, S.M.K. and Rehmann, A. (1945), Quantitative 
colorimetric determination of salicylates in blood, 
Ann. Biochem. exp. Med., 5, 97-100. 


Mane chen ae rawla lic. elie GC eadnGn joa. 95 or04 1 Oy.0) & 
The identification of urinary acids by coupled gas 
chromatography-mass spectrometry, Clinica chim. 
AGtais = esce e UA be hO4: 


Mayersohn, M. and Gibaldi, M. (1970), Drug transport 
ii...» jhe effect iof various wations on the passive 
transfer of drugs across the everted rat intestine, 
Biochem. biophys. Acta 196, 296-304. 


MiheSweec.1. and Schenk, G.H. (1970), Fluorescence of 
acetylsalicylic acid in solution and its measurement 
in presence of salicylic acid, Analyt. Chem., 42, 
656-659. 


: a _ ae - 7 
ian i z\ | Ba 
75 equt Pea (ahoer) Td 3 


preheat &2 . 
efas? \¥ iu jedot dst Betps oof + 


eit a | 


BORE seo «ss! 
AF tide blkane! »§0ektt) 48es anged h Bas 3 sn 
..’ - Bah o78 Pane ud Palvenint hs st5 va lise 


. 885-485 at to 


bie Mg saPel (Peal) 22 b bebapnaadibas |; aR ? 
06 AIS ¢,.22h bem ma ot yvaevens ae 4 


,(28e)) bub ol headobae-bat ACE ,2ba8n09! 2 
IFnW efesd nol ploserh’ -o1sty wi Ye ea 
“3369 nofruioeeth lrly eiavissttshs ito aeraaaes | 
--'oe redd (oh , fem ah apttarecds push enti terre 
SSN f=OThT schates 


(SSCL). oh, 1 faomd bie <3 syrdswet ..5 ar 

ahinonioulp arlonedd (xaTfee vot vi iskdso Basta 

stslyaflea % sattenbs sHtt.no I99t7s 297 bis AOFIAMAGT 
‘aS -HAS” SI 


s40 ,DAMVEAYT oat AD oa ee 


' TITS 20oOSupEnon PHideransyetted yOtsrt) .. 2 whl 5a. 
nuetsene cy sia ati Tiestyseae bing bisk ofl yotiaz Fe 
“DETT-OEFf ;HeP ,.to2 mena fab A 


7 UVORTBOSs enna 260 ,(O°EL) OLA sheowsls dt a 3. 
-b3 ,on2),zMotseaPfaqeibns ,esicindved ,gefatonisg | 


jeaqt os hwbiesh -febtios 
SVisae7 (i neu0’ . | BEE) /NAshhel bs ot.MLE werent a 
boold 4 2etal(verfs= Fe ye ee nixtsmtaatoo: 


SU0-\@ ,€ ,.05h  .ae6 cadoetd.. anak. nl 
: a 


(OMEE) 12.2 ,66%T bhe .3.b.)fiGiwnad 9.A.d . Tomah. 6h 
26D PSI Ques DiS VISTI To wWOrieottizvasth adil | 


Mins eofatld. easenorsissue ean Oh de Panaeeer 
- 


T7oqeher7 OV .. OVOT) eM etehedte BNE RF nioetoye 
sviezsn SFY #> enalies. elotrsy * Jast\s Sat ah 
anlSzeasa’ 324 beiweve. snk 2h6a56 zouvh Yo -19% 
ADEA SPF SISA Ceyrlasta hyena 


7O Sone 2G50UF4 I ONPT) Hip deste? bag!) 
- enbueru Fegan zit bas wo?tduloe ii brag pt vai feet 
cs. are mand .tefsnd pbios aifyotfse ¥ ‘soaszs 


vo 


74. 


(Box 


76. 


lie 


ae. 


79. 


80. 


Ole 


82. 


33. 


-99 


Miller, J.H. and Whitehead, R.W. (1949), A simple 
bedside method for the determination of plasma 
Salicylate, Rocky Mount. med. J., 46, 544-545. 


Morris ge Hee Christiane tw.b:s Landolt r@rer. and 
Hansen, W.G. (1970), Gas-liquid chromatography of 
Salicylate metabolites¥sJni*°pharme Sci., 59, 
210-271. 


MORrisons ¥0. Cs SandeOrre dem. M966) .WAnalysistor 
selected pharmaceuticals by quantitative thin- 
jayer chromatography. Jnl pharm. Sict.5 555 
936-94]. 


Moss; DrGs (1952); A micro=method" for blood salicylate 


estifiattons;, d vecline Path... 52 208-211. 


Natelson, Ses eid, 9(1971)4Techniques of telintcal 
Chemis trys@3rd@ bes, *Springfields «11.5 Thomas. 


Nikelly, J.G. (1964), Gas chromatographic 
determination of acetylsalicylic acid, Analyt. 
Chem’, @369 2248>2250% 


Otel eSeaand FrisTidyekne(1970)) ASfluocrometric 
method for the direct determination of total 
Salveylate ime plasma, “Pharm VACtas Helv, «46% 
632-636. 


PavKkegel Ve, @RIDTeYFCAMHE, Kennedys ais EvS@and 

Hit 1lsys WIWal (1951) @infraredyanalysis of 
pharmaceutical products. Acetylsalicylic acid, 
phenacetin, and caffeine, and combinations of 
these with codeine or thenylpramine, Analyt. 
Oneme $23, 7953-957. 


BAuUdeeNODs  SDryeronR. UA lanideRouthsids1%/ (1950)5 
Effect of buffering agents on absorption of 
acetyisalrcylicmacidy J. Ams phiarins ASS. s ©39% 
21-24. 


Paulus. H Eos Siegel. MM... Mongan, E.. Okun, R. and 
Gadabro, Did. e(197I9% Variationsiof serumeconcen- 
trations and half-life of salicylate in patients 
with rheumatoid arthritis, Arthritis Rheum., 14, 
527-532" 


Peters, J.T. (1947), Easy and accurate method for 

the determination of serum- and urine-salicyl-levels 
during treatment with salicyl drugs, Acta med. scand. 
129, 299-310. 


= : 20 a op 
a > an ; 7 
7 . ; 7 7 Pa 


; sTamte ia eper) won 
poi sha 


has bee atta! .. 3b eta ieetedy sk 5 ate ‘ ah 
ta 61 os 65 m Pup? sa J eASens 
birt cota ered Tat batts s320 aS 


_ 
to .2favierh . (8087) (M15. y5t bm -sogty4 
-fthtvavidedrideva yd dinsriusoea i batasice- 
~S¢;.toc,. .mrsda [a Viger put amer te “yovel 
Tener” 


sief earfse boots vot bonsSm-onagre A .PSEef) .2.8 spoon” 
i¥s-3808 2... 8¥s9 atio it ramekoamtte: 
a 


fsxtarld-io zeuwpiansaT ,b1ver: ba . 22 woetsien 
~comen) 2. fli Pistitenira? ba bea .ente heen : 


VIFGHISCOISNGTRD 26. ,LOGLT) iil eitoarn 
-3¥hSAA. BEDE siya heetyr sas 79 oent nt 
ves 5 -8P' 35 Wve o mgthy 


+ryeomons 10 OB at0Ve?) oA gbrizrey pase . 2 oa 
feior 76 cotsentared 9b tosihh sd -ot boddom 
at --MISH sta ved? vamebiq. Wi ha ik 

. SBEB~ SEO 


Une 3.3 .:Vbannge ..MiA .eStoe® .. WaT ,oias 
to 2fevténé borettal , {fbr} .Weu VITTH 

eBtas otf Voie atvteaa Mauboy "soltussemvenq — 
to 2eniientdmes Ok (ai hsties tre Nidezetong | 
JUTenA ,Satmnrgignst? 16 snfeboea Adiw ages 
.Vee-620 ES “an? - 


, a 
-(0e8f) 1.0 . A069 bae «1.8 -rsy7nd 4-0. y ran te 
7D NOFIGIVEOR no 23 ODF ontrettud 42 fos? 

‘CC ,.22h (minde Var .0 “hiss stiystteal soon. 


7 


rf. ies ie a 
bre put » mulO’ 224 ar «fspat® 209.n ore et: 
-he5n03 Mee aie = .eTter) jb; 6 .ordet so. 
. tee nt pret et oe xine bre 2 vite i a 


a, “ate ‘St 7 
; ft aia eh be bre. 9 ¢ ae Tb , a9 
a staat a sia ca ie % at 3b note 


u - Men 62 AIt sleet 1 it 


pio 7 a a, va 


a 


84. 


85. 


86. 


In 


88. 


9 < 


90. 


sn 


oe 


DS 


94. 


Sha 


-100 


Pierces AME (b968)seSilylationiof .0rganierCompounds., 
Rockford, I11., Pierce Chemical Company. 


Putter, J. and Bauer, K. (1970), Resorptionsunter- 
suchingen uUndisalicylaten:s lhe Mitteilungaiydie 
resorption von acetylsaure nach oraler gabe, 
Prneimuwtete Forsch. cl. Weleol720e 


Rasmussen, S. (1968), Correlation between in vitro 
and in vivo disintegration times of enteric-coated 
tabletseedn i Mpharms4sed:3—e57.a13604)862. 


ReedgeReCivandeDawvass WaWte (1965),eAsSSayefornfree 
salicylic acid in individual capsules and tablets 
Ofraspilyingori asprrangcontaining medicinais, Jnl 
pharm: Sct... 549 1533-1536. 


Reid, J. (1948), Does sodium salicylate cure rheumatic 
fevervn ya.) Medesald/7,s 039-151. 


Routh. (vu. 1.6. Shanes; | NOAGs. Avrredondofatesand Paulie W2D., 


(1967), Method for the determination of acetylsali- 
cyidc dea dain itretbieod;, Clin: Chem, 13, 734-743. 


Rowland, M. and Riegelman, S. (1967), Use of carbon 
disulfide as a solvent for the silylation of 
submicrogram amounts of carboxylic acids, Analyt. 
Biochem.;, 20, 463-465. 


Rowland, M. and Riegelman, S. (1967a), Determination 
of Tacetyilsalicyincsand salicylic acidgin? plasma, 
JHiepiari. oGlas 00a of 17-720, 


Rowlands. M... Riegelman,: Seg.Harriss Pp A, and 

Sho lkofite 3S SDe (NO 72dGe Absorption, Kinet cS» of 
aspirin in man following oral administration of 

dn aqueous Solution, Jnl pharm. Sci.4 61; 3/9-3385. 


Schmesilse Reece snide y aed dean (197069 [neweased «1 leal 
aps Oruurtonm Of Salicy li Gracide i nduceu bY ScarDonlc 
anhydrase inhibition,, Biochem. Pharmac., 19, 303-305. 


Shiankey?.2 16S .«eShores) Poll. te Brodie .2BeBs. and 
Hogben, C.A.M. (1957), Absorption of drugs from 
tiestomactie deoelheeRkat ad. Pharnac. expo Ther, 
120006 29-5839 ; 


SiicaMeave ase he yl OOCO., ibaa .erbrodie, b.B. and 
Hogben, C.A.M. (1958), Absorption of drugs from 
tnesrat® smal i@intestiney. Jd. UPnarmac.eexpns Therm, 
l2358 61= 88% 


seamiatanibodsr: s0Rb. 1 


ar Sel 
«5GbR waters tsent ers at 
asyt- <n at os eae Mee 


opdiv qhonsewisd noni elsa70d of ROUF), 2 heezemesh 
balsoa-<aiserho To eemfd Wotseteatmtetinaviy at bos 
“basi =Ga8i La po tor amend Tit <etatdss — 


gay? Wot.yvaezeh <C2aRT)e WA akvatl bis .3.5 book 
efsi int brs 2afueges Teublvibnt wt brow siteotiae 
fav ,2faaisibem onfareinos alatges to “iatqes Fo 
9E28+E02f Be ,. fa2 .nmedg 


If Semi wis stat vot ipe mutee’ 290U. ,(8Pet) .b..bteA 
JTet—BET Vi «obeM .b. B -isaeveT 


OW) ~fueS ones .as,0bnebsivaA — AW. anenc ..1 0b ~Adeen 
-iteglyzene Wo nattentmysd sb and 707 ery {voer) 
-EBXY<=DEV CEP yoda -nff) boold sit af bros atiys 


Nodis2. 70 sev {ldef) .2 .rbmisos A, bee Mh .Rastwoh 

to wottel ufte Bis 10? inovioe 6 26 obbifweth 

-IvfenA ,2btan aff yxadis> to elawoms manners imdve : 
P34-E£08 .0S , .mardaatd ' 


norsetrtevsial’ tstael) .< eam PSS, i bas .M ,basfweR fe — 
-enseiq Ht bras 3thyorin2g Sas sriyotiac(yseae ww 
<OSN=S1E .92 .. 92 ovata tat 


bas 4.9 ~ahaask ed TeMfopsrS Mh <baatwoh  sS8 ~ 7 
Fo 237tsnts noiszqyvoe wESNee) -0.2 stioafor2 — : 
to oertéest cinkobes eae subway isi HT NFATgzs - © 
OBE-EXC. 210 ,.f2@ swiping [ol .noltulor Zunsnes Ne se 


(nel), tezseronl, (DVO) .2\F Pe ie: bone a er 
3iiauss> yo b¥ovbn) bios 327 o AglIqre 


“9 
rQUE=EDE PF , .a5ebAT motsoFs. HOE GTN sEBNe azesbuine 


has Ps esiborva Eis 9 2 oy sana , 40. 
wort 2guyd 29, nolainn 324A ‘ee Ly it. ee 
«taht .gka opmred? .L) def i er | 


=O) 


96, Sherman, M.Ceband Gross. .A. (1911), The detection 
Ofisalicyiiceacideavteind. EndnamCneme.ess8492-493:. 


97. Smith, MedeH. Vand Talbot.) J.M= (1950), The’ estimation 
of plasma salicylate levels, Br. J. exp. Path., 31, 
65-69. 


98. <splerseen.S.DeeandsMalone, H.-F. (1967); Effect of 
food on aspirin absorption, Lancet, 1, 440. 


99. Staudacher, H.L. and Miiller, H. (1969), Bestimmungen 
des salicylat-spiegels im plasma nach verabreichung 
von acetylsalicysdaure sowie einer kombination von 
acetylsalicylsdure und ascorbinsadure, Arneimittel- 
ROES CH sao 5s bOl a1 6 lon 


100 “Stevenson. tRa. cand Burtiss.9G.As( 1971) Thelanalys is 
of aspirin and related compounds by liquid chroma- 
COG apy wedes CihrOMd ts 500 1.y 20-2 Ol 


TOl Swarbrieks J.5 «ed. (1970), “Current Concepts in the 
Pharmaceutical Sciences; Biopharmaceutics, Philadel- 
phia, Lea and Febinger. 


102. Swintosky, J.V. (1956), Illustrations and pharmaceu- 
tical interpretations of first order drug elimination 
rate from the bloodstream, J. Am. pharm. Ass., 45, 
395-400. 


103. Szymanski, H.A., ed. (1964), Biomedical Applications 
of Gas Chromatography, New York, Plenum Press. 


104% Meomase Bihee Coldwell, B.B], Zertz, WW. and 
Solomonraj, G. (1972), Effect of aspirin, caffeine 
and codeine on the metabolism of phenacetin and 
acetaminophen, Clin. Pharmac. Ther., 906-910. 


105. Trinder, P. (1954), Rapid determination of salicylate 
Mei wo hog tea le Wuids sep roOchiems Un. 957.5 301-305" 


106. Truitt, E.B. and Morgan, A.M. (1962), A comparison 
of the gastrointestinal absorption rates of plain 
and buffered acetylsalicylic acid, Archs int. 
Pharmacodyn. Ther., 135, 102-117. 


107. Tui vise. Brerand, Morgans AMM. (1965), Evaluation of 
acetylsalicylic acid esterase in aspirin metabolism, 
Jinisepharits. Sct ..4785'4 8 164041646). 


108. ‘Asuichivay a and Wavy. {Ga 1972) S Biotransformation 
Ome aSal icy lve; acia Sto entsiacy land phenolic glucuro- 
nidecvinaemaw, Inia. soc. 726, SOO=801. 


Pars a 4 | 
head e76b. acd? <A TtOL) A. geoym ins <M Seance 4 
keb-seh nai? papat sBak 2b. a reaywee vee 


_ ; - . a 
nbisastres oft ,(080h)’ \Mit-(J00Teh Bre ib. M padi 
oh&.¢ AIO gee (ob 78 ‘sovet aeplyetiae D 


to goeTtd .({oet) 7. Rn -Snoren ons O24 cavetq2 42 
Ober, .toonet sant dvoeds a pyrene" 2 


: ! a ; =<. 

rapivmstiesd -72007T). WN osofTOM Bae vic Tet sobusse 82 
prio fetdstSy (Asn am2ehg ar eispsige-telyotise @8b : a 
fav aotianidmot ysate stwoe Siubeyarhe2tysoom ao : i 
[es rimi sah , s1ubenidsieots Sau aygheTystle2tyssos | 
2TSt-2Tat , ef ..doe%xed. 


erevfeds ov? .(11¢T) ALD (aztesel tre 21y8 .teenevede .00T” 
asmoris bhupil ya ebawegmos botsTow bns wttiges Ge | ay 
_'aS4feT fs S$ fenondd. 2b -¥tgatpos : 


edt Wi 2aqsono. Hierie .(608P) he ..b as Feeseme, FEOF, 
-TEbslrts ,cdiavenemvenqoha 2esongioe Test fuapeays 
ase@rtds? 06 631 ,otdg - 


~uszenieng bys anoidsitevill .(ate?) .V.0 yedensetee {SOty 

nofisniahio gush wWbd70, Feat? To ehoisetanqueda? teste . 7° 

,OF -.f2h. .myetg .cA Go mess debootd ahd mov? e2es ; 
00 8-28€ oy 


angrieariqgA [osibemaré .(Pe0)) «bs . A. py Ptenemye’ tor 
22599 munsi9 Ldsof well euiasyoolsmewh) e260 to 


bos Wo, 23S olf ,ifewhtod),.4, 8) .camedT AOD 
aNigitae ,titigeb to 359%? 3|SIPL) .2 . tenpemptee  % - 
bas cigszensta to met fodsJom est no: satebas bas 7. 

- .OF8-d0F ..46NT .cemtnna .ct i) ,wedqontmsysss - | 


Sse vofis2 Yo qmnidentinsioeb. ohqsh ig bCOt putt [aebatst -20 
EQE-T0L .te ..b .medoot@ ~ebral? Tastgotuid at. 6 


avetisqnas A (Sei) MAA rep PON. Wag Lae etd }u 
nrete ¥o ¢e%e1 anttqipede fexts PINTO S 0 a 


TNT SHAT Thigs SOF cE aaah cae 


SEL-30F 2b). 738) vayhoosmrsita 
fo, Kolteufevs. 
WF tgs Fan APY 


-- 
“ones fe 


7 ; : 
an" - eal 


nm ¢ 


-102 


Oo ee etna. Gee Dandaard sara ang Wong, Fok (1952). 
Determination of Salicylic acid and related 
substances in serum by ultraviolet spectrophoto- 
MeUny. OCs 50C exp. 1b 101. Meds. 60.0 45—477, 


1105. Volterra, Me and Jacobs, M.D. (1947), A simple method 
for the determination of salicylates in blood, J. Lab. 
chins Med.5. 182-1283. 


Tihs) Wagner. J. G. and Nelson, 6. (1963), Percent absorbed 
time plots derived from blood level and/or urinary 
excretion data, dnl pharm. Sci., 52, 610-611. 


ieee Nats ONO aa eC GescuO lO tama nd aMatcsuise Fo Sto 70) 
Rapid simultaneous determination of salicylic acid 
ana vaspirimn oy GC. to Analysis, Ofesyntnetic aspirin= 
Salicylic acid mixtures and of single component 
aspirin wablers. Jnl oharn. Sore, 00; 454-458: 


its esWeichselbaum. Iak. and Shapiro, J.M. (1945), A rapid 
and simple method for the determination of salicylic 
acid in small amounts of blood plasma, Am. J. clin., 
liSee Cech Supple 9)s 42-447. 


114. Weikel, J.H. and Lish, P.M. (1959), Gastrointestinal 
pharmacology of antipyretic-analgesic agents. II. 
Absorption and smooth muscle effects, Archs int. 
Pharmacodyn. Ther., 119, 398-408. 


MSW iianse Amisha ancl ma near ake B.. ( 1.959%) 4 
Differential ultraviolet spectrophotometric 
determination of serum salicylates, J. Lab. clin. 
Med., 53, 156-162. 


LlG aN loon ge tone wnGe, lites tinal absorption, 
Philadelphia, Saunders. 


117. Winefordner, J.D. and Latz, H.W. (1963), Phosphori- 
metry as a means of chemical analysis. The analysis 
of aspirin in blood serum and plasma, Analyt. Chem., 
Shekel Renlivec nel ACi i 


1s. Wood, JH. and Syarto, J. (1964), Wurster coated 
aspivanm Li. Al In Vitrocand in’ Vivo correlation 
of rate from sustained-release preparations, 
OTs OIA VN aD Gils ges se eOLley Oot. 


TiS eSidi yi | UeWeeeReMaingcon, csseGal tahan, M. dand 
Kensiler, C.d. (1970), Comparative effects of 
Salicylic acid, phenylbutazone, probenecid, and 
other anions on the metabolism, distribution and 
excretion of indomethacin by rats, Biochem. 
Pharmac., 19, 1591-1600. 


: : 
oe 4s - ee A | 
a yee eS 
~(S26T) «4.2 -paaw his aA 
7 haveles bus bios >t eatt azn 
-oTetGerlo$97 eit we Pee 7 sented 
 Wb-2e .08 (loam. fete Cane J ged ae an ¥ 
iottem siamir A. ¢! 


ei} .f.¥-.2dosebh Bas .N owt Atel ye 
sto] .<& 667)! at ba 


ivorYee to) loitentysssbh ond 
: -CBS{-SOS1 . beh es se 


. ae , 
betivoedsé Inga7e? ,CORPT) .2 whtve Tek nas: .8:t .1sanew oT j 
Meee soO\hos Psvsi bogota: mast osve eb 230Fa.antd. - 
fo-Of8 . fe ..'oe ,mredg iat. .eteb woidevare 
7 _ 


s((8OT) 9 ,ieetetdats. + .aderoteat , f.L-cnaetew © 


_ 


Diae vi (¥ortar to Hol Lentans tok ciguant tum 2 birged 
“Wiiiges.stishinye Yo ct20heon: Jo yi atrviges bas 
sgenijaos. slont2 To Bis estcudete bisa ahivusitae* 
-Beh=-BHh 58 ., IC “NST las -Setardaes hiviqes ia 
* - - + a 
Rigen A .(éedi -“ol  ovigate tess .2.7 ,9vedisadote - 
si fyvoTlag to Lantiarseseb, at nt hots om stunre bap 
_ AF . 4 .pmzclG bovld to stawoms, Thewe ab bigs 


:hh-Sh (2 Toque? waed) 5am = 


Pett J2Sintortrsy ..0820],) 4.9 ,fetl poe Hob fede LAT 


[ 
t5\  pervspe aigapbense Many or ivs. te Yeolossayenig: - 
Met £AO9, . 21729798 siseta toon bAs wOrtqrioedsA 
ous -S0t .Vil .. ASAT MybosemrsAT | 


ePRGRE)) A 4 ded baw’ WAS) Janko ad -emethrew 
34 3 Sin ’ nroeo<s 02 J=\O79VSNT4 bi [ettgaveattid 


Ss Ch) UC. 2o3siva rl e2 fiiftse Ye nel ientaresed - 
So) ~d20. oe bs ar) 
a) hy, f] 
‘Marlyicedé Janttéeial sesaet). oF -neztew 6 OTL 


7 


zn Sbnuee staat abet tAg. - 1 
=Foodgeot? [tors | wu. -S35) bos - ot (sehbubhehial cm 


2téyiaan 247 le revleng. fesiaata’ Ho poe 4 #2 ytiom 
«M309 cInlsnk .emecia bné musae he ofd oF wivtqes to 
| ISeF- i i. 


hires 
bYaGos ialSvue , (S807) >G a8 st HVE Ons. .A: L ab ‘. 


rat! fafoxvas. suTe if Bs ovdiv Ar aA 21 ait 
Stead eg 3 1% dteslae-lshiet ope Te I 8 
ASB TRH .BA> 5 Lae 


bag oH. .Helel tea ofits aimed 
: as ztasta pasawaasien Sat as 
_ bik, brash wong Lopapesiite 


7 Se eth aueeT aon an 3 im set 


